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Description 

Field of the Invention 

s This invention relates to the preparation of fibers having lubricant-impregnated surfaces which have improved prop- 

erties related to overall performance including fiber opening, cohesion, processability and liquid-transport. This invention 
also relates to novel fiber lubricants. 

Background of the Invention 

10 

Fibers for nonwoven or textile materials must have certain characteristics in order to be considered useful or desir- 
able. Important performance characteristics to consider in selecting a fiber or fibers for a wide range of nonwoven, knitted 
and woven products include the following: (1) fiber processability on nonwoven and textile equipment (efficiency, cost 
effectiveness); (2) fiber/fabric/material "hand" and overall aesthetics when viewed, touched, used or worn (abrasiveness, 
15 softness., fiber-covering power, opacity, comfort, drape, appearance, perception of suitability); (3) strength; (4) abrasion 
resistance; and (5) when applicable, liquid-transport characteristics (wetting, wicking, absorption, liquid-transport dura- 
bility). 

Nonwoven materials are manufactured by means other than weaving and knitting. The terms "nonwoven" and "non- 
woven fabric" are general descriptive terms for a broad range of products, such as absorbent pads, wiping/cleaning 
20 webs or fabrics, insulation, aroma/flavor materials, liners, wicks, relatively thick battings, compressed bonded battings 
or webs, bandages, incontinence structures, filters and many other products. Interest in nonwoven materials is enhanced 
by the fact that such materials can be mass produced efficiently and at relatively low cost to satisfy many important 
consumer and industrial needs. Improvements in man-made fibers have contributed to the development of the nonwoven 
industry. 

2S Man-made materials have become increasingly plentiful and inexpensive. However, in certain characteristics many 

of these materials do not compare well to natural fibers such as in the ability to transport moisture satisfactorily. Several 
methods have been devised to improve the characteristics of man-made materials, such as polyester, to more closely 
resemble natural fiber, such as cotton. FR-A-2, 398,832 discloses finishes that can be applied to fibers such as in a bath. 
U.S. Patents 2,590,402, 2,781,242, 2,828,528 and 4,008,044 and the Journal of Applied Polymer Science, Vol. 33, Page 

30 455 (1 987) all disclose the treatment of certain polyester fabrics with caustic to improve certain properties such as handle 
and softness. U.S. 4,374,960 discloses the production of polyester fibers of improved stability that are made by mixing 
the polyester and an end-capping reagent prior to fiber formation. EP 0,188,091 discloses the production of a highly 
absorbent nonwoven web by coating the web with super-absorbent polymeric particles. U.S. 4,842,792 discloses fibers 
of improved cover, softness and wetting characteristics that are produced by caustic treatment of various polyesters 

35 which have continuous grooves in the cross-section. It is disclosed in the Journal of Applied Polymer Science, Vol. 25, 
PP1 737-1 744 (1980) that a fabric of increased dye uptake can be made using a concentrated non-ionic surfactant 
(Triton X-100 made by Rohm and Haas Corp.) at a temperature between 180 and 220°C for five minutes. Removal of 
excess liquid from fibers is disclosed in U.S. Patents 3,458,890 and 3,786,574. Measurement of cohesion of crimped 
staple fiber is disclosed in U.S. 4,649,605. 

40 All of these various aforementioned characteristics are important; however, unlike fabrics, staple fibers must also 

be satisfactorily processable in an economical manner under conventional production conditions by the equipment used 
in nonwoven and textile manufacture. Staple fibers are cut into suitable lengths (usually about 1 to 1 0 cm) for processing 
in a manner similar to natural staple fibers, such as cotton, in both textile and nonwoven machinery. These fibers must 
perform satisfactorily in such known operations as opening blending, feeding, carding, bonding, heating, compressing, 

45 cooling, hydro-entangling, needle-punching, drawing, roving, spinning, knitting, weaving, and others as selected for the 
various nonwoven or textile materials. 

Crimping of staple fiber by various means has been found to be an essential element in producing a certain controlled 
amount of fiber cohesion or resistance to pulling apart in forming carded webs. These webs of "opened" (separated) 
fibers are formed in flat-top or roller-top carding machines or the like as part of nonwoven or textile processes. 

50 Poor crimp formation, especially in fibers with non-round cross-sections, has been associated with low and variable 

cohesion, weak webs, web separation, and poor processability during carding and/or subsequent operations. Relatively 
high lubricant levels (applied at room temperature), particularly above about 0.2 weight percent, of certain processing 
lubricants can cause unsatisfactory cohesion and processability problems in carding, etc. When such high levels of 
these lubricants are applied prior to the crimper (such as by conventional kiss rolls), low fiber-to-metal friction within the 

55 crimping chamber interferes with the capability to produce normal crimp frequency (crimps per inch) with sufficiently low 
(narrow) average crimp angle and relatively "V-shaped" crimp apex. Poor crimp is characterized by comparatively low 
and/or excessively variable crimp frequency and/or wide (open) average crimp angle; and/or comparatively "U-shaped" 
crimp apex. 
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Two types of commonly used processing lubricants are based on potassium lauryl phosphate or mineral oil with the 
addition of antistatic agents, friction modifiers, etc. as needed. At high levels (above 0.2 to 2 wt. % or greater) these and 
many other lubricants applied prior to the crimper using prior-art methods (usually lubricant-coated, rotating, contact 
rolls at approximately room temperature located remote from the crimper input) can have an adverse effect on crimp 
s formation and/or tend to cause problems in carding by poor cohesion and/or by building up relatively quickly a detrimental 
coating on the carding wire and/or other problems. Additionally, these lubricants do not have good hydrophilic action. 

Additionally, for certain applications, liquid-transport durability is a desirable characteristic but difficult to obtain in 
some man-made fibers. Certain man-made fibers, particularly those with suitable non-round cross-sections, have some 
initial liquid-transport characteristics. However, after wet usage, washing or scouring, the ability of these fibers to trans- 
it) port liquid can in some instances diminish significantly. 

Any method of improving any of the aforementioned characteristics without significant adverse affects on other 
characteristics would be very desirable. 

Derwent Abstract No. 84-01 81 67 referring to EP-A-0 096 477 discloses a process for preparing filaments and fibres 
made of acrylonitrile polymers which contain at least 40% by weight of acrylonitrile units in a continuous operation by 
15 spinning a spinning solution of the polymer into a spinning cell, evaporating at least some of the spinning solvent in the 
spinning cell, spinfinishing, stretching, crimping, heat-setting and, if desired, cutting. 

Derwent Abstract No. 79-641 86B discloses finishes for synthetic fibres, in particular polyester reinforcing yarn con- 
taining polysiloxane, copolymer of ethylene oxide and dimethylsiloxane, polyethylenimine etc. 

20 Summary of the Invention 

The present invention is directed to fibers having improved opening characteristics, cohesion, processability, hand, 
and/or liquid-transport properties in which a significant amount of a lubricant is adhered to the surfaces of the fibers. 

These improved fibers are made by the process as defined in claims 1-10 and comprising spreading at an elevated 
temperature onto the fibers a substantially non-tacky wettable lubricant as a mixture, emulsion or solution in water, 
followed by a pressure application means and subsequently heating the fibers at an elevated temperature for time 
sufficient to dry or bake the lubricant onto or into the surface of the fibers. Fibers made by this process are particularly 
useful in making nonwoven materials. 

Another aspect of this invention entails novel fiber processing lubricants as defined in claims 11-19 and comprising 
a mixture of high and low molecular weight polyethylene glycol fatty acid esters preferably in combination with a minor 
amount of a suitable antistatic agent. In some applications, this novel lubricant or mixture can be applied to the fibers 
of choice at about room temperature by various means as a less preferred option. 

Yet another aspect of this invention entails a novel hydrophilic processing lubricant for use with fibers, particularly 
binder fibers, comprising a mixture of a suitable antistatic agent and at least one polyethylene glycol monolaurate or 
monostearate having a sorbitan group such as polyethylene glycol 880 sorbitan monolaurate and/or polyethylene glycol 
880 sorbitan monostearate. 

Brief Description of Drawings 

Fig. 1 - Schematic flow chart of a preferred tow-processing operation within the scope of the present invention. The 
solution of heated processing lubricant is preferably applied by at least one jet immediately prior to the crimper. At least 
one component of a lubricant and/or a cross-linking agent can be applied prior to the heat-setting unit. 

Fig. 2 - Schematic representation of examples of fiber cross-sections of preferred non-round spun fibers having a 
plurality of grooves. Figure 2a is a representation of a more preferred cross-section with two grooves and is particularly 
45 useful for deniers less than about 5.0 (5.6 decitex). L1 is a major axis: L2 is a minor axis, W is the width of the groove; 
thicker lines represent the surfaces of the grooves; and the thinner lines represent the surfaces outside the grooves. 
Figure 2b illustrates a cross-section which has four grooves. Figure 2c illustrates various cross-sections which have 
continuous grooves. Figure 2d represents the general form of a much preferred eight-groove cross-section which is 
useful for deniers greater than about 5 (5.6 decitex). 
50 Fig. 3 - Graph of the wettability (vertical-wicking performance) of Samples A, B, C. and D from Example 5. This 

graph illustrates the amount of water in grams transported over time in seconds. 

Fig. 4 - Detail of a most preferred method of applying the hot solution of processing lubricant to the fibers of a tow 
prior to crimping. The crimper is a stuff er-box type crimper with advancing rollers or can be any suitable type of crimper. 
Fig. 5 - Graph representing the drop-wetting time in seconds of various nonwoven fabrics made from the various 
55 fiber samples as described in Example 2. 

Fig. 6 - Schematic flow chart of a most preferred tow processing operation within the scope of the present invention. 
Excess liquid is removed by at least a Partial Liquid Removal Means 1 following both the drafting bath and the neutral- 
ization bath and the tow is sufficiently dried prior to being contacted by the heated solution of processing lubricant at 2B 
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immediately prior to crimping. Additional or alternate processing-lubricant application means, treatment, and/or neutral- 
ization means are illustrated at 2A. If an additional means is utilized at 2A, then the tow is substantially dried prior to 
being contacted by the heated solution of processing lubricant at 2B. Squeeze rolls are shown at the input to the 4th 
set of rolls. 

s 

Detailed Description of the Invention 

Fibers produced according to the process of the present invention, particularly those having at least one continuous 
groove, having either round or non-round, are characterized by an unexpected combination of desirable properties 

10 including fiber opening, card-web quality, cohesiveness, good textile and nonwoven processability, hand, and bonding 
properties. In addition the liquid-transport capabilities are at least as good as and in some instances possibly better than 
those of comparable fibers that are not treated according to the process of the present invention. The liquid-transport 
capability is more durable in that, after vigorous scouring such as with hot water for many seconds as later described, 
these treated fibers and products made therefrom (at least when caustic treated) unexpectedly (1) retain effective 

15 amounts of certain lubricants and (2) more importantly, provide greater liquid-transport durability than comparable 
non-treated fibers/products. 

In particular these novel fibers can be efficiently conducted through nonwoven processes with subsequent bonding 
and/or calendering processes, as appropriate to provide hydrophilic fabrics which have excellent cover, softness, hand 
and/or overall properties compared to untreated fiber. 
20 |f desired, the process of the present invention also eliminates the need for steam application prior to the crimper; 

however, steam heating is a viable, yet less desirable, option for heating the novel lubricant mixture. 

Any method of applying the processing lubricant to sufficiently coat the fibers, including the grooves, that also softens 
the fibers just prior to the crimper is envisioned to be within the scope of the present invention. 

A preferred process of the present invention and falling under the definitions of claim 1 comprises: 

(A) contacting at an elevated temperature at least one fiber with a sufficient amount of a solution containing a 
sufficient amount of at least one substantially non-tacky non-static hydrophilic (wettable) processing lubricant to 
coat said fiber: 

(B) crimping at an elevated temperature the lubricant-coated fiber of (A); and 

so (C) heating the thus crimped lubricant-coated fiber of (B) at a sufficient temperature for a sufficient time to dry or 
bake said lubricant onto and/or into the surface of said fiber. 

A more preferred process of the present invention and falling under the definitions of claim 1 comprises: 

35 (A) coating at least one caustic-treated non-round fiber with at least about 0.1 weight % and most preferably at least 

about 0.3 weight % of at least one substantially non-tacky, wettable, processing lubricant with antistatic properties 
at a temperature between about 40°C and the boiling point of the lubricant to coat said fiber; 

(B) crimping at an elevated temperature the lubricant-coated fiber of (A): and 

(C) heating the thus crimped lubricant -coated fiber of (B) at a temperature between 40 and 1 80°C for sufficient time 
40 to dry or bake the lubricant onto and/or into the surface of said fiber. 

The mixture, solution or emulsion of processing lubricant preferably contains at least about 5 wt. % processing 
lubricant, more preferably at least about 10 wt. % with about 20 wt. % being most preferred. The solution should be 
relatively free-flowing in that when heated to at least 40°C it can spread and flow readily when it is placed on a glass 
45 surface angled at 30° from horizontal. To avoid being too viscous the solution preferably contains less than about 40 
wt. % lubricant, more preferably less than about 30 wt. %. 

The resulting novel fibers are preferably coated with at least 0. 1 wt. % lubricant based on the total wt. % of the fiber 
and lubricant and more preferably at least about 0.2 wt. % lubricant with at least about 0.3 to 3 wt. % lubricant being 
most preferred. 

50 Not all lubricants are suitable for use in the present invention. We have found that commonly-used processing 

lubricants, such as potassium lauryl phosphate and mineral oil types even applied according to the process of the present 
invention, at low and particularly high levels, are not suitable for use with liquid-transport fibers, particularly the caus- 
tic-treated non-round fibers described hereinafter. It is believed that the unsuitability of these lubricants is due to their 
relative hydrophobic nature. In addition, however, not all hydrophilic lubricants are suitable. Suitable hydrophilic lubri- 

55 cants must also create at least a certain minimum level of cohesion or fiber-to-fiber friction without being excessively 
"tacky" or "sticky" when dried as hereinafter described. 

The processing lubricant must be substantially non-tacky when dried. In other words, when the lubricant is coated 
and dried on a surface, that coated surface should not easily adhere or "stick" to other non-tacky surfaces. The fibers 
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coated with the dried-on or baked-on non-tacky lubricant should not be sticky and should be cardable and capable of 
being efficiently separated (opened). These fibers should card without wrapping, or "loading" the main carding cylinder 
or other carding components and should produce carded webs which have sufficient strength for subsequent operations. 

The processing lubricant should also act as a surfactant and be wettable or somewhat hydrophilic and mix with 
s solutions, emulsions or mixtures containing hot water although the processing lubricant could, if desired, be applied to 
fibers in a non-aqueous solution. When this lubricant is dried on a surface, such as a thin film of plastic, it should spread 
or disperse water droplets that touch the surface. This processing lubricant should enhance the liquid-transport properties 
of a fiber, once it is dried or baked onto and/or into the surface of the fiber. 

Additionally, the processing lubricant should be of a substantially low-static nature and/or allow for at least satisfac- 
10 tory control of static. This lubricant should control static either alone or in the presence of a minor amount of at least 
one antistatic agent. 

Antistatic agents useful in the present invention include quaternary amine salts, salts of polyoxyethylene inorganic 
fatty alcohol esters, ethosulfate salts of quaternary ammonium compounds, acid salts of quaternary ammonium com- 
pounds, etc. The preferred antistatic agents are the salts of quaternary ammonium compounds including the ethosulfate 

15 salts and acid salts such as the acetates, lactates, and propionates with the ethosulfate salts being more preferred. The 
most preferred ethosulfate salt of a quaternary ammonium compound is 4-ethyl, 4-cetyl, morpholinium ethosulfate. 

The processing lubricant of the present invention is preferably at least partially water soluble and is not too viscous 
when in solution with water under the conditions when applied to the fibers. The lubricant of the present invention can 
contain a major portion of a polyoxyethylene fatty acid ester such as a methyl-capped polyoxyethylene laurate; a poly- 

20 ethylene glycol fatty acid ester such as a polyethylene glycol laurate: or a fatty acid glyceride such as a glyceryl oleate. 
The processing lubricant of the present invention can also contain an amount of a compatible surfactant and/or softening 
agent. By compatible it is meant that this component would not cause an adverse reaction such as gelling, coagulation, 
precipitation, etc. 

The processing lubricant is preferably selected from (A) a mixture of a major amount of a methyl-capped polyox- 

2S yethylene (x) fatty ester (x represents about 2 to 50 moles of ethylene oxide and the fatty ester contains 7 to 1 8 carbon 
atoms such as laurate), and a minor portion of quaternary amine carbonate or other suitable antistatic agent; and (B) 
a mixture of a major portion of at least one polyethylene glycol mono or dilaurate (molecular weight between about 80 
and 2,000 with 400-600 being more preferred) and, if needed, a minor amount of a suitable antistatic agent with the 
mixture (B) being the most preferred processing lubricant. 

30 The mixture (A) preferably contains about 55 to 80 % by wt. of a methyl-capped polyoxyethylene (x) laurate wherein 

x represents about 2 to 50 moles of ethylene oxide. 

According to another aspect of the present invention, an improved lubricant mixture is provided that generally falls 
within (B) above containing low and high molecular weight polyethylene glycol fatty acid esters such as polyethylene 
glycol 400 monolaurate and polyethylene glycol 600 monolaurate plus a minor amount of a suitable antistatic agent, 

35 such as 4-ethyl, 4-cetyl. morpholinium ethosulfate. By definition, a low molecular weight polyethylene glycol fatty acid 
ester has a molecular weight in the polyethylene glycol portion below 500. By definition, a high molecular weight poly- 
ethylene glycol fatty acid ester has a molecular weight in the polyethylene glycol portion above 500. The most preferred 
low molecular weight polyethylene glycol fatty acid ester is polyethylene glycol 400 monolaurate and the most preferred 
high molecular weight polyethylene glycol fatty acid ester is polyethylene glycol 600 monolaurate. This novel lubricant 

40 mixture is much preferred for use in the present invention and preferably comprises a major portion of substantially 
equal portions of the low molecular weight polyethylene glycol fatty acid ester and the high molecular weight polyethylene 
glycol fatty acid ester and a minor amount of a suitable antistatic agent, such as 4-ethyl, 4-cetyl, morpholinium ethosulfate. 
These components can be obtained from Henkel Corporation or ICI Americas Corporation. 

The novel lubricant mixture most preferably contains at least about 40 weight percent of the low molecular weight 

45 polyethylene glycol fatty acid ester, at least about 40 weight percent of the high molecular weight polyethylene glycol 
fatty acid ester and about 20 to 1 weight % of a suitable antistatic agent with 4-ethyl, 4-cetyl, morpholinium ethosulfate 
being the preferred antistatic agent. 

Other preferred lubricants, particularly for use with binder fibers, include a major portion of at least one polyethylene 
glycol monolaurate or monostearate having a sorbitan group such as polyethylene glycol 880 sorbitan monolaurate 

50 and/or polyethylene glycol 880 sorbitan monostearate mixed in water with a minor portion of a suitable antistat. This 
novel lubricant most preferably contains (excluding water) at least about 60 weight % polyethylene glycol 880 sorbitan 
monolaurate and/or polyethylene glycol 880 sorbitan monostearate and about 1 to 20 weight % of a suitable antistat 
with 4-ethyl, 4-cetyl, morpholinium ethosulfate being most preferred. 

A binder fiber is a material substantially in fiber form, such as crimped staple which is blended as a minor component 

55 with a more stable, heat-resistant major component fiber, which can be heated and compressed to form a bonded 
nonwoven fabric. 

The solution of lubricant can, if found to be appropriate for a particular need, contain minor amounts of at least one 
other additive, such as a coloring agent, aroma-enhancing agent, scouring agent, anti-fungal or anti-bacterial agent, 
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defoamer, additional antistatic agents, other hydrophilic components, a friction -modifying agent, a super-absorbent pow- 
der or polymer, fluorescent additive, antiseptic additive, additives suitable for cosmetic purposes, ethoxylated oleyl al- 
cohol (cosmetic grade, etc.). Such other additive can be applied, as an option, to the final nonwoven or textile product. 
As appropriate and feasible, suitable components of our novel lubricants can be modified, such as by methyl-capping, 

s etc. The processing lubricant can, if applied in a separate step, contain a cross-linking agent with or without a catalyst 
and/or additives which have bonding properties. An example of a suitable cross-linking agent is "LUREEN 2195" a 
hydrophobic cross-linking silicone from G. A. Goulston Co. Examples of suitable friction-modifying agents are a poly- 
oxyethylene-polyoxypropylene condensate, such as Pluracol V-10 and various fatty acid (C10-C18) diethanolamide 
condensates, such as made by Emery Chemical Co. 

10 The processing lubricant can also contain minor or trace amounts of additives useful in the processing of fibers 

such as spinning lubricant, polymer, chemicals useful in dyeing, etc. and mixtures thereof. 

The processing-lubricant solution solvent is preferably selected from the group consisting of water, water containing 
a minor amount of acetone, ethanol or other solvents, water containing minor amounts of reaction products or materials 
washed from the fiber, etc. and mixtures thereof with plain or distilled water being more preferred. 

15 Although the present invention is an improvement over the art, not all lubricants, including the novel lubricants, 

perform equally well on all fibers. The most preferred suitability must be determined on a case-by-case basis matching 
fiber and specific lubricant. 

Additionally, the novel lubricants can be applied as appropriate to plastic tapes, ribbons, films and other manufac- 
tured articles. 

20 Prior to the application of the lubricant the fibers of the present invention are preferably caustic treated, such as by 

a caustic solution at an appropriate concentration followed by neutralization. This caustic treatment is most preferably 
conducted prior to application of the hot processing lubricant solution as shown in Figures 1 and 6. This caustic treatment 
is preferably conducted by the following steps: (1) caustic treating the fiber, (2) heating the fiber, and (3) substantially 
neutralizing excess caustic using a suitable acid solution (such as acetic or citric acid). This heating step is preferably 

2S conducted at a temperature of at least about 130°C, more preferably at a temperature of at least about 145°C for 
approximately 2 to about 25 seconds. Of course, this temperature should not be so high as to melt the fiber or degrade 
the lubricant. The suitable acid used in the neutralizing step is preferably selected from the group consisting of acetic 
acid, citric acid, ascorbic acid, and/or mixtures thereof. The process of the present invention in combination with this 
caustic treatment or surface hydrolysis results in novel fibers which have unexpectedly a superior combination of im- 

30 portant characteristics including processability liquid-transport, and/or overall performance compared to other fibers not 
treated by caustic and an appropriate amount of the novel hot-lubricant prior to crimping. 

The present invention is most preferably directed to caustic-treated and neutralized fibers with suitable non-round 
cross-sections having longitudinal grooves that are substantially continuous in which a significant amount of a hydrophilic 
processing lubricant is adhered to the surfaces of the fibers and a significant amount remains after a hot-water treatment 

35 as described. These fibers have improved overall performance including processability. However, the novel process of 
this invention can be used to improve the crimp formation, cohesion, processability and overall performance of fibers 
not treated with caustic. 

Fibers with many longitudinal or axial grooves tend to hold liquid, such as neutralization solution, in the grooves 
and do not permit sufficient lubricant to enter. Therefore, it is important to remove this excess liquid prior to contacting 

40 the fibers with the heated processing lubricant so that the grooves are substantially devoid of liquid. This can be accom- 
plished by a partial or total liquid removal process in which at least one liquid removal means, such as bars, squeeze 
rollers, and/or air jets physically removes a significant portion of the liquid. For substantially total liquid removal this 
physical removal must be followed by drying at elevated temperatures prior to the application of the heated processing 
lubricant. Figure 1 illustrates the location of Liquid-Removal Means 1 that can be employed following the 1st stage 

45 drafting bath and/or after the optional neutralization bath to at least partially remove liquid from the tow. 

The fiber is contacted with a continuous flow or semicontinuous pulsed flow of the solution of processing lubricant 
at an elevated temperature, preferably at a temperature of at least about 40°C up to the boiling point of the solution. 
This temperature is more preferably between about 50 and 100°C with a temperature less than about 95°C being most 
preferred. For drawn polyesters this most preferred temperature is between about 70 and 95 D C. For binder fibers, such 

50 as copolyesters and undrawn polyesters, the preferred temperature is between about 40 and 70°C. 

The application of the hot processing-lubricant solution can be conducted in any suitable manner so long as sub- 
stantial loss of heat is avoided (such as by fine droplet formation) and a sufficient amount of the processing lubricant is 
coated on the surface of each of the fibers. That amount should preferably be sufficient to maintain satisfactory crimp 
formation, cohesion and processability. A much preferred process of applying this hot lubricant solution is by the use of 

55 one or more jets positioned just prior to crimping such as shown in Figure 4. This figure illustrates the use of both top 
and bottom jets to facilitate penetration of the hot lubricant into the center of the fiber bundle (tow). It is important that, 
as far as it is practical, hot lubricant contacts each fiber so as to heat and soften each fiber. Therefore, during or after 
contacting of the fiber with the continuous flow of processing lubricant, an elevated temperature is maintained as the 
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lubricant is spread in a substantially uniformly manner onto the fiber. A subsequent crimping or compression means 
(such as a crimper or compression roll) is the preferred method used to spread the lubricant and press it into the grooves 
of the fiber. Additionally, thoroughly coating the fibers with the proper lubricant, such as the most preferred of mixture 
(B) (heated lubricant-antistat), helps protect the fibers against damage during the crimping process. 

s It is also preferred to spread the lubricant onto the fiber to a certain extent during and/or immediately after application 

of the lubricant prior to any crimping means. The lubricant can be spread by any conventional means but is preferably 
spread by a spreader bar compression rolls, and/or a hot lubricant application jet in the shape of a spreader bar as 
shown in Figure 4. These spreading means are also preferably vibrated. 

To avoid scuffing or other damage to the fiber, the fiber should not contact a dry jet surface. When a jet contacts 

10 the fibers, the slot or jet holes are most preferably located in a curved contact surface oriented towards the advancing 
fiber as shown in Figure 4 to minimize dry contact between the tow and the bar in order to prevent scuffing or otherwise 
damaging tho fiber as far as practical Thus Figure 4 illustrates a novel and much preferred application moans for hot 
lubricant, particularly where at least one spreader bar is suitably mounted and equipped with vibration means to facilitate 
fiber separation and lubricant penetration into the tow band to coat the fibers more uniformly As an option, the bottom 

15 jet or |ets can be spaced from Ihe tow and can apply heated lubricant at suflicient pressure to impinge upon the tow 
Appropriate supply tank, stirring means, heating means, pumping means, reconstitution means, housing, drains and 
recirculation would be provided 

The use ol hot-lubricant jets in scries prior to the crimper on Ihc tow processing line is illustrated in Figures 4 The 
tow is maintained under appropriate tension between the last roll and the crimper and, as stated above and illustrated 

20 in Figure 4, the slotted jet is oriented to prevent contact of the tow with a "dry" (unlubricated) surface (such as metal or 
ceramic) which could cause damage to the fiber (fused fibers, broken filaments, "skin-backs", etc.). A series of small 
holes can be substituted for the slot, if desired. The adjustable flanges hold the tow in proper position and cover the slot 
or holes at the tow edges as required for various tow widths. This bottom jet with either a slot or holes can be constructed 
with multiple lubricant-supply chambers oriented across the tow band. Figure 4 illustrates the multi-jet application means 

2$ which is a most preferred embodiment of the present invention. In order to provide for adjustment of the % lubricant 
applied and/or lubricant concentration used for any given fiber type, facilities can be provided to permit each jet to be 
operated, adjusted or disconnected independently from the others. In a most preferred embodiment, at least one of the 
two top jets has a common mount and/or support member with at least one of the spreader bars such that the top jet 
and bar can be pivoted or elevated by any suitable means to provide convenient access to the tow path during start-up 

30 when the tow is placed in the crimper rolls. One embodiment of this common mount and/or support member is illustrated 
in Figure 4 by the broken lines. The first (upstream) jet applies heated lubricant on top of the tow band. The lubricant 
forms a surprisingly stable, small concentration (bead) at the input side of the first spreader bar. This spreader bar 
spreads the lubricant from the first jet and causes penetration into the tow, thus increasing the uniformity of lubricant 
application (a top jet similar in design to the bottom jet could also be used to replace the top jet and/or spreader bar). 

35 Lubricant applied by the bottom jet is pushed upward into the tow by the rounded top portion of this jet. An optional 
spreader bar (not shown) located beneath the tow can be located downstream from the bottom jet and can have a 
common mount and/or support member with the bottom jet. The last (downstream) top jet can apply additional lubricant 
which forms a small bead on top of the tow at the crimper input to be forced into the tow by the crimper rolls. The bottom 
jet can be operated in combination with one of the top jets. This novel multi-jet lubrication means should be located as 

40 close to the crimper input as is practical preferably within about 90 inches (about 229 cm) most preferably within about 
60 inches (about 1 52 cm) of the crimper with the closest jet most preferably located less than about 24 inches (61 cm) 
from the crimper. It is preferred that the distance from the first jet to the third should not exceed about 6 feet (1 83 cm). 
Appropriate insulation can be used to help maintain the lubricant in a heated condition. In addition, the jet(s) can be 
designed with a novel circulation system (not shown) such that only a portion of the lubricant exits the jet(s) and is being 

45 constantly applied to the tow while the remainder of the lubricant is returned to be reheated in the heated supply tank 
in a semi-closed loop. This recycling of lubricant should help keep the lubricant hot and also avoid plugging of the jet. 
The heated supply tank can be equipped with automatic monitoring and correction systems for lubricant concentration, 
temperature sensors, insulation, etc. as needed to facilitate uniform application of heated lubricant. 

A less preferred embodiment is similar to Figure 4 except a lubricant-coated, rotating, tow-contact roll which is 

50 partially immersed in a bath of heated lubricant is substituted for the bottom slotted jet. This embodiment is much less 
preferred because it is more complex, would tend to contaminate the lubricant and is more difficult to insulate. 

A less preferred option is the application of the most preferred lubricant in the neutralization bath followed by a 
removal means for excess liquid and a heating means prior to the crimper. 

An even less preferred option is the application of the most preferred novel lubricant mixture by conventional means 

55 followed by a steam chamber to heat the fiber and applied lubricant followed by crimping and heating in a tow dryer 
unless contact means, such as spreader bars or rolls are included to increase the penetration of the lubricant into the 
grooves of the fibers. 

Another less preferred option, although an improvement over the art, is the application of a most preferred novel 
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lubricant after the crimper and tow dryer in the conventional manner. However, the opportunities to force heated lubricant 
onto and into the grooves of the fibers; to enhance crimp formation; and to help protect the fiber surfaces during passage 
through the crimper are lost. It is believed that, if a conventional application of steam is used prior to crimping, the novel 
lubricant composition even though applied by conventional means, can be used to facilitate, to a certain extent, the 

s processability of the fiber through nonwoven or textile machinery and to make some improvement in overall performance. 
Such conventional application means can include immersion baths, spray-application means (such as by airless jets or 
air-powered jets, etc.), application cylinders with slot(s) or holes, electrostatic sprays, dual kiss-rolls, dual brush appli- 
cators, etc., to apply the novel hydrophilic lubricant(s)toeach side of a tow band. This novel lubricant composition most 
preferably comprises at least about 45 weight % polyethylene glycol 400 monolaurate, at least about 45 weight % 

10 polyethylene glycol 600 monolaurate and up to 10 weight % 4-ethyl. 4-cetyl, morpholinium ethosulfate. 

According to the process of the present invention, the fibers containing the coating of heated processing lubricant 
must be treated to a drying step such as heating in the tow dryer. This tow dryer should be equipped with an air circulation 
system. This completes the attachment of the processing lubricant securely to the surface of the fibers, particularly to 
the surface in the grooves of non-round fibers and more particularly caustic-treated grooves. The overall heating or 

15 drying time is preferably less than about 7 minutes and more preferably less than about 4 minutes. This drying step is 
preferably conducted at a temperature of at least about 40°C more preferably between 50°C and 135°C for at least 
about 20 seconds; even more preferably between 50°C and 115°C for at least 90 seconds with at least 180 seconds 
being most preferred. For acetate fibers and drawn polyester fibers this more preferred temperature is between about 
60°C and 115°C. For binder fibers such as copolyesters and undrawn polyesters this temperature is between about 

20 40°C and 70° C. However, it is understood that changes in drying temperature may be required in order to meet different 
end uses. When caustic is not used or when appropriate for a particular product, the heat-set cabinet can be operated 
at or near room temperature, if desired, with essentially all of the tow drying treatment being accomplished in the tow 
dryer. 

The thus heated, lubricant-coated fiber, when appropriate, also can be heated a second time. This second heating 

2S temperature is preferably at least about 10 to 60°C higher than the first tow dryer section. The contacting time for this 
second heating is at least about 5 seconds. This second heating is preferably conducted at a temperature of at least 
1 35°C for at least about 5 seconds; preferably over 1 0 seconds with over 20 seconds being most preferred. This second 
heating or tow drying step can also be conducted at a temperature of at least 1 75°C for at least about 2 seconds. The 
heating conditions used should be appropriate for the type of nonwoven or textile processing used and the performance 

30 characteristics required for the eventual product. 

We believe that most all types of synthetic fibers could be benefited, to some extent, by being treated according to 
the process of the present invention. Examples of suitable fibers that can be treated according to the present invention 
include those selected from the group consisting of polyesters including copolyesters, cellulose acetate, modacrylic, 
nylon, olefins, viscose rayon, polyphenylene sulfide, fibers made from biodegradable materials, and suitable mixtures 

35 or blends thereof. The preferred fibers that can be treated according to the present invention are polyesters, cellulose 
acetate, modacrylic, nylon, and viscose rayon with polyesters and cellulose acetate being most preferred. The preferred 
polyesters including copolyesters are selected from relatively oriented polyesters, relatively unoriented polyesters, pol- 
yesters modified for basic dyeability, polyesters containing starch, polyesters containing cellulose acetate, polyesters 
containing cellulose propionate, polyesters containing cellulose butyrate, polyesters containing modified starch (such 

40 as starch acetate) and aliphatic polyesters blended with cellulose esters. In addition, polyesters which have been mod- 
ified chemically or by a polymerized exterior coating can be benefited by being treated according to the process of the 
present invention. 

The cellulose acetate fibers useful in the present invention are prepared by malt-spinning or conventional sol- 
vent-spinning means using acetone as a solvent. The cellulose acetate can contain additives which further enhance 
45 hydrophilic action and/or other desired properties. 

The polyester materials useful in the present invention are polyesters or copolyesters that are well known in the art 
and can be prepared using standard techniques, such as, by polymerizing dicarboxylic acids or esters thereof and 
glycols. The dicarboxylic acid compounds used in the production of polyesters and copolyesters are well known to those 
skilled in the art and illustratively include terephthalic acid, isophthalic acid, p,p'-diphenyldicarboxylic acid, p,p'-dicarbo- 
50 xydiphenyl ethane, p,p'-dicarboxydiphenyl hexane, p,p'-dicarboxydiphenyl ether, p,p'-dicarboxyphenoxy ethane, the like, 
and the dialkylesters thereof that contain from 1 to about 5 carbon atoms in the alkyl groups thereof. 

Suitable aliphatic glycols for the production of polyesters and copolyesters are the acyclic and alicyclic aliphatic 
glycols having from 2 to 10 carbon atoms, especially those represented by the general formula HO(CH 2 ) p OH, wherein 
p is an integer having a value of from 2 to about 10, such as ethylene glycol, trimethylene glycol, tetramethylene glycol, 
55 pentamethylene glycol, decamethylene glycol, and the like 

Other known suitable aliphatic glycols include, 1,4-cyclohexanedimethanol, 3-ethyl-1 ,5-pentanediol, 1,4-xylylene, 
glycol, 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol, and the like. One can also have present a hydroxylcarboxyl compound 
such as 4,-hydroxybenzoic acid, 4-hydroxyethoxybenzoic acid, or any of the other hydroxylcarboxyl compounds known 
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as useful to those skilled in the art. 

It is also known that mixtures of the above dicarboxylic acid compounds or mixtures of the aliphatic glycols can be 
used and that a minor amount of the dicarboxylic acid component, generally up to about 1 0 mole percent, can be replaced 
by other acids or modifiers such as adipic acid, sebacic acid, or the esters thereof, or with modifiers that impart improved 

s dyeability or dyeability with basic dyes to the polymers. In addition one can also include pigments (such as blanc fixe), 
delusterants (such as TiO z ) or optical brighteners by the known procedures and in the known amounts. 

The most preferred polymers for use in the present invention are (1) relatively unoriented and relatively oriented 
polyethylene terephthalate) (PET); (2) copolyesters based on polyethylene terephthalate), particularly those suitable 
for use as binder fibers, (3) polyethylene terephthalate) containing cellulosic additives and/or modified starch, such as 

10 starch acetate, and (4) cellulose acetate fibers. 

The fibers of the present invention are preferably non-round fibers having at least one continuous groove such as 
those disclosed in U.S. 4,842,792, U.S. 4,954,398 and Patent Application 07/333,651, the disclosures of which are 
incorporated in their entirety herein by reference. The surface of the groove is most preferably rougher than the surface 
outside the groove. Examples of various fiber cross sections are illustrated in Figures 2a, 2b, 2c and 2d. Figures 2a and 

15 2d are the more preferred cross sections treated according to the present invention. It is believed, however, that the 
overall performance of any non-round fiber in crimped staple form will be improved by the process of the present inven- 
tion, particularly those which have well-defined grooves and/or channels as shown. The broken lines to the left of 2c 
are included to illustrate various alternative designs and/or additions to the basic design. The grooves could also be 
arranged in a circular pattern around a solid or hollow core. The preferred non-round fiber has at least 1 up to 30 or 

20 more grooves and/or channels and/or legs which are substantially continuous. Fibers having a plurality of grooves have 
a larger surface area per unit weight than round fibers and thus can be coated with more lubricant. Fibers having at 
least one continuous cross-sectional groove preferably have at least about 0.3 wt. % lubricant coated on their surfaces 
whereas fibers having five or more grooves have at least about 0.5 wt. % lubricant coated on their surfaces. 

A preferred fiber form useful in the process of the present invention is a tow of continuous filaments of between 

25 about 10,000 (11,111 decitex) up to at least 100,000 (111,111 decitex) total denier. However, tows of much greater denier 
can be used also. This tow as with other tows (crimped or non-crimped) can be processed through a tow feeder after 
the tow dryer (skipping the cutter) and collected in a baler to form bales which are convenient for shipment. The tow 
subsequently can be opened or spread by rolls and/or jets and thereafter used in various nonwoven products, filters, 
etc. For staple fibers, the total tow denier can be as small as 30,000 (33,333 decitex) and as large as at least 2,000,000 

30 (2,222,222 decitex), It is also preferred that the fiber of the present invention be subjected to crimping immediately after 
being contacted and spread with the heated solution of processing lubricant. The preferred crimped or non-crimped 
fiber has a staple length of about 0.5 cm to about 15 cm and/or a denier per filament of about 0.8 to 200 (0.89 to 222 
decitex). 

The process of the present invention preferably entails contacting a group of fibers arranged in a relatively flat band 

35 (drawn or undrawn tow) with at least one of certain processing lubricants at an elevated temperature; causing the 
processing lubricant to penetrate into the tow to coat the fibers: subsequently subjecting the tow to pressure via driven 
rolls followed by heating the tow at a temperature for a time sufficient to bake or dry said lubricant onto and/or into the 
surface of the fibers. The driven rolls can be the rolls of a crimper. 

The treated fibers in the form of tow, crimped staple or uncrimped staple can be subsequently blended or combined 

40 with at least one other tow or staple fiber (such as a binder fiber); subjected to suitable nonwoven processing to form a 
web with the web being subsequently heated and appropriately compressed to cause the blended fibers to compress 
and bond so as to produce a bonded, nonwoven material, such as a fabric or batting. 

A most preferred process of the present invention entails (1) subjecting a tow of caustic-treated and subsequent- 
ly-neutralized polyester fibers as described to a heating device, most preferably rotating heated drums with tow-tem- 

45 perature controls and/or moisture sensors following an at least partial removal of water after the neutralization step and 
an optional application of at least one lubricant and/or additive; (2) forwarding the dried tow from the heating device at 
a tension suitable for proper crimping; (3) applying at least one heated processing lubricant to the dried tow; (4) crimping 
the fibers or applying rotating compression rolls to the fibers (preferably immediately after applying lubricant); and (5) 
heating the tow at a temperature for a time sufficient to bake or dry the lubricant onto and/or into the surface of the fibers. 

50 The temperature range for the towdryer is important with regard to maintaining the desired crimp angle. For example, 

a tow of crimped fiber after being dried in the tow dryer for 5 minutes at 75°C could have a well-formed, relatively sharp 
average crimp angle of about 65 to 80 degrees (by estimation method). However, this same fiber would have successively 
wider, more open, more rounded, crimp angles, if it had been dried at 135, 150 and 175°C for the same length of time. 
Assuming no change in hydrophilic lubricant, the increasingly more open crimp angles create an increasing tendency 

55 toward reduced fiber cohesiveness. Thus, the cohesiveness required for proper performance of a given fiber in a par- 
ticular nonwoven or textile operation must be considered and the temperature of the tow dryer is one of the factors which 
must be taken into account. 

The fiber strength (tenacity), fiber elongation, percent shrinkage, etc., required for a particular product must be 



9 



EP 0 595 958 B1 



considered in determining the temperatures and/or dwell times used before and/or after the crimper. 

It has also been found that certain amounts of lubricant can be lost during passage through the tow dryer and/or 
bonding oven depending upon temperature and time. Thus the amount of lubricant applied to the fiber must be sufficient 
to compensate for these losses and meet the target level established for the final product, such as a bonded hydrophilic 
s nonwoven. 

Overall it is clear that several factors must be considered in establishing the operating temperatures and dwell 
times for a given fiber. Applying lubricant (particularly the novel hydrophilic lubricants) in a heated condition prior to the 
crimper as described provides an extra margin of safety in terms of crimp formation, particularly with regard to crimp 
angle and apex formation. 

10 Along with the appropriate crimp frequency, the lubricant composition, % lubricant, etc., it is most important to main- 

tain an average crimp angle which provides sufficient fiber cohesion for at least satisfactory processing during opening, 
blending, carding and subsequent operations. In addition, the crimp apex should be relatively "V-shaped" instead of 
"U-shaped" in order to produce crimp with greater permanence. The processability characteristics of any fiber should 
make it possible, with a reasonable safety margin, to obtain the production rates and uniformity in opening, feeding, 

15 carding and other nonwoven or textile processes required for efficiency and profitability. 

An overall cohesion value of any given sample can be quickly determined by the cohesion-test method and instru- 
ment described in U.S. Patent 4,649,605 the disclosure of which is incorporated in its entirety herein by reference. 

This method determines whether or not crimped staple fibers either natural or man-made, have a weighted-average 
cohesion number of from 5.6 to 12.5 inches (14.2 to 31.75 centimeters). This is done by initiating gas impingement 

20 contacts at successively-increasing different pressure levels against a carded web of staple fibers to cause in the carded 
web the formation of visible bulges until at least 90% of the bulges are eventually ruptured for a particular pressure level. 
At such pressure, the ruptures form "tails" blown upward by the gas impingement which equal or exceed the height of 
a failure-indicator bar or photocell. The pressure and number of ruptures from each pressure level are recorded and a 
weighted-average cohesion number is determined therefrom. The standard sliver weight used in this test is 65 grains 

2S per yard (4.61 grams per meter) but the instrument can be calibrated using other sliver weights. The laboratory is main- 
tained at approximately 55% relative humidity at 75°F (24°C). The carding machine used for these tests had equipment 
and settings which made it possible to produce at least generally acceptable card webs suitable for test purposes using 
fibers with a wide denier-per-filament range of about 1 .1 to 7.0 (1 .2 to 7.8 decitex) with staple lengths of about 1 .25 to 
2.0 (3.2 to 5.1 cm). The card was equipped with an autoleveller. 

30 Cotton has relatively low cohesion compared to that which can be obtained with certain well-crimped and properly 
lubricated man-made fibers. Therefore, whenever possible, man-made fibers should be lubricated and crimped so as 
to exceed the cohesion level of cotton to a certain extent in order to obtain high carding rates (in kilograms or pounds 
per hour) with at least satisfactory web and sliver uniformity and strength. I n view of the history of cotton, the cohesion-test 
instrument can be calibrated using a selected cotton to establish a desirable range of cohesion values (above those of 

35 the selected cotton). For example, cohesion tests of a blended sample from a properly-stored, aged bale of Memphis 
cotton with a Micronaire grade of 4.6 to 4.7 (standard test for grading cotton) and an average staple length of 1 to 1 .063 
inches (2.54 to 2.7 cm) produced cohesion values of about 5.1 to 5.5 English (12.9 to 14 metric). A cohesion value is 
expressed in numerical terms to one decimal place without reference to the unit of measure except to note that the scale 
is either on an English or metric basis. Since it was known thatthis cotton was substantially typical in carding performance, 

40 the cohesion-test instrument was adjusted to provide cohesion values at the lower end of the cohesion range. Thus, 
fibers with greater cohesiveness would be expected to provide cohesion values at least somewhat higher up the cohesion 
range of that instrument. As an alternative, properly-aged bales of stable synthetic staple fibers with durable (relatively 
non-volatile) lubricants can be tested and used to establish suitable cohesion values for comparison against other fiber 

45 Tests for crimp frequency/angle and for % lubricant are important in starting and controlling the operation of a 

processing line but such information does not determine the fitness-for-use of the fiber in terms of a comparative cohesion 
value. The cohesion value is helpful in this regard by providing a measure of comparative strength of the card web of 
one sample versus at least one other. In addition, the fiber mat fed to the card and the carded web are examined to 
determine how well the fibers have been separated. 

50 Favorable comparative cohesion values and normal carding performance with excellent efficiency and production 

rates (kilograms or pounds carded per hour) can be obtained with our novel fibers, including the most-preferred caus- 
tic-treated non-round fibers produced by the novel processes and hot-lubricant-application jets shown in Figures 1, 4, 
and 6. 

The determination of an approximate weight % lubricant on a fiber for mineral-oil-based lubricants is made by the 
55 infrared test method via analysis of the extract washed from a sample of fiber. I nf rared absorption as described by Beer's 
Law is used to determine the mass of lubricant extracted into a suitable solvent, such as Freon (DuPont Corp.). The 
analyzer system dispenses solvent which washes the fiber to remove lubricant using a recirculating flow loop. The 
solution of Freon and lubricant is analyzed for total C-H bonds as it passes through an infrared absorption analyzer flow 
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cell, such as a Wilks-Miran IR analyzer. The resultant signal is converted electronically to be displayed as the % lubricant 
(by weight). Conversion factors can be used to enable a single IR lubricant-test instrument to be used for analysis of 
several different lubricants which have been applied to various types of fibers. For example, a single testing station could 
be employed 1 ) to analyze polyester fibers which have been lubricated appropriately for sewing thread, and 2) to sub- 
sequently analyze polyester fibers which received lubricant which is suitable for use in certain nonwoven products. An 
IR lubricant-test instrument (the "Rothermel Finish Analyzer") can be purchased from Lawson-Hemphill Corp. of Spar- 
tanburg, SC, USA. 

Tube elution is the preferred method which can be used for determining the approximate weight % of hydrophilic 
lubricant such as the novel lubricants on various fibers. In this procedure, a methanol extraction is utilized to try to remove 
substantially all lubricant components from the fiber, with a subsequent weighing to determine weight percentage lubri- 
cant. The tube elution method allows the determination of the amount of lubricant on a preweighed sample of fiber by 
extracting the lubricant with methyl alcohol from the fiber sample which has been packed into an open-ended glass tube. 
The alcohol is caught in an aluminum dish which is located on a steam bath. The alcohol is evaporated under controlled 
conditions, leaving the extracted lubricant as a residue. The weight of the residue is gravimetrically measured and the 
percent lubricant is calculated. Appropriate safety precautions must be taken. These tests for weight % lubricant are 
generally adequate but do have a certain amount of variability among laboratories, among operators, among repeat 
samples over time, etc. Thus, it seems that it is not possible to measure exact or precise amounts of lubricant on any 
fiber. The process of the present invention provides fibers coated with at least one hydrophilic lubricant which provides 
improved overall performance, particularly when used within certin weight % ranges on certain fibers as described. The 
preferred minimum amounts of lubricant set forth in this specification should provide some margin for error in application 
and/or testing. 

For the hydrophilic cellulose acetate fibers of Example 6, an approximate weight percent of the hydrophilic lubricant 
was determined substantially as described in ASTM Method D-2257-80 using diethylether in a Sohxlet extraction pro- 
cedure. 

It is helpful to have an estimate of the differences in crimp characterizations such as crimp angle, crimp ratio, and 
crimp frequency of staple fibers. Crimp affects the carding of the fiber and the subsequent processing of the fiber into 
a nonwoven fabric. Staple crimp can also affect the bulk, the hand and visual appearance of the finished product. The 
available test methods for crimp characterization must be used with caution as will be described. Crimp characterizations 
are important in helping to establish good operating conditions for crimpers and tow dryers. Such characterizations can 
help detect major differences. 

In this method of analyzing crimp, fiber chip specimens of staple fiber are placed on a black plush surface. The 
crimps along the entire fiber length are counted. Both the relaxed (crimped) and extended fiber lengths are measured 
in inches or centimeters to one decimal place. The crimp angle and crimp ratio for each sample are then calculated. 

Crimp is defined as the waviness of a fiber; a deformation of a filament, or group of filaments, in either the vertical 
or horizontal plane to the longitudinal axis of the fiber, which is of repetitive nature and is intentionally induced in the 
fibers by use of external forces. Crimp level is defined as the number of angular peaks (crimps) per inch of extended 
fiber length, noted as crimps per unit length. Crimp ratio is defined as the direct ratio of the relaxed length of crimped 
fiber to the extended fiber length. A fiber chip is any group of crimped staple fibers (typically about 1 0 to 50) which remain 
in register after being cut at the same time. Crimp angle is a calculated value obtained from the following formula: 

Crimp Angle 9 = 2 Sm" 1 "T£!?T th 
r a Extended Fiber Length 

It is important that the limitations of the crimp frequency and crimp angle tests be understood. Not only are the 
abilities of these tests to predict "fitness-for-use" not satisfactory, the reproducibility and representativeness of practical 
samples sizes are not satisfactorily dependable. See ASTM Method D 3937 dated 1 980 for the "Users and Significance" 
section in which severe limitations of the test method for crimp frequency are clearly stated. Also, see the "Applicable 
Documents" section in ASTM D 3937. This entire method is incorporated herein as a reference. 

When it is desirable to prepare the various novel fibers without significant crimp, the crimper rolls can be used 
essentially as forwarding rolls with no internal steam and with very low pressure applied by the clapper. As an alternative, 
squeeze rolls followed by appropriate forwarding rolls ("star" rolls) can be located immediately after the hot-lubricant 
jets to replace the crimper. 

The Automated Vertical Moisture Transport Test is one of the tests used herein to measure the vertical liquid transport 
capability of the fibers. The fibers are either in original form or scoured by hot-water jet as described and are placed 
inside a plastic tube. The tube is then mounted vertically. This tube is subsequently brought into contact with a liquid. 
This test method is designed to automatically measure the fluid uptake of porous or fibrous specimens and to provide 
a profile of the fluid weight gain of the specimen with time. A fibrous specimen could be in the form of carded sliver or 
tow. In most applications of interest, the fluid is either water or artificial perspiration and the spontaneous movement of 
the fluid into the specimen provides a quantitative measure of the surface and capillary forces acting on the fluid in 
opposition to gravity. Once the specimen is prepared, (by twisting the sliver one turn per 2.54 cm and inserting in a 
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plastic tube of about 7 mm inside diameter and cutting the ends of the sliver cleanly where they project from the 10.2 
cm tube), mounted, and the fluid is placed in contact with the bottom edge of the mounted specimen, the computer 
reads the balance (weight gain of the specimen) at predetermined intervals of time. Preparation of artificial perspiration 
is described in AATCC Test Method 15-1979. A graph of this data is then printed as shown in Figure 3. 

s As the number of suitable liquid transport grooves in the fiber is increased, an increase in denier per filament tends 

to be needed to maintain the cross-section, spinning performance, production rates, the desired fiber quality and to 
avoid broken filaments, etc. It is possible to obtain, through spinning and drawing combinations, fibers having final 
deniers of approximately 5.0 to 200 (5.6 to 222 decitex) per filament for the various fibers with about 8 to at least about 
20 grooves. However it is recognized that it could be possible to prepare a denier/filament less than 5.0 (5.6 decitex). 

10 When treating the preferred non-round fibers of the present invention with the hot processing lubricant solution it 

was unexpectedly found that excess liquid should be removed from the grooves of the fibers prior to contact with the 
hot solution containing processing lubricant. This is needed for fibers with 2 grooves but even more so for fibers with 8 
or more grooves so that the lubricant solution can then flow into the grooves of the fibers. The location of this liquid 
removal method can be as illustrated in Figure 1 . Any method of effectively removing this excess liquid which is largely 

15 water can be considered to be useful within this preferred process of the present invention. However contact bars; 
squeeze rolls and air jets are preferred and a novel drying step is most preferred as shown after 2a in Figure 6. A criterion 
to be used to judge the acceptability of an excess-liquid-removal system is whether or not the desired percent of lubricant 
can be applied to the fiber satisfactorily after such excess liquid has been removed and the novel controlled drying step 
is most effective in this regard. Fibers with more than about two grooves such as a fiber with eight grooves (Figure 2d) 

20 carry so much liquid (dilute acetic-acid solution) forward to the crimper that the lubricant from the jets essentially rides 
on the surface of liquid and is not effectively deposited in the grooves to any important degree. The crimper then squeezes 
the wet fiber causing most of the hot lubricant and residual liquid (weak acetic-acid) solution to be removed, leaving the 
fiber with a low lubricant level. A fiber with eight or more grooves (Figures 2c and 2d) has a critically greater capacity to 
pick up acetic-acid solution than the "Figure 8" with two grooves (Figure 2a). 

Two solutions to this residual liquid problem, with the second one representing the more preferred solution, are as 
follows: 

(I) At least one air jet, such as those disclosed in U.S. Patents 3,458,890 and 3,786,574, could be equipped with 
an appropriate hood; return drain; etc. and used following the bars and/or squeeze rolls on the output side of the 

30 neutralization bath (located as shown at 1 in Figure 1 ) to effectively reduce the level of residual solution on the fiber 

prior to reaching the hot-lubricant jets and/or other application means for hot lubricant application prior to the crimper. 

(II) A most preferred versatile process permits the tow to be substantually dried and/or baked following (1) neutral- 
ization, (2) an optional additional washing treatment, (3) a liquid-removal step (such as bars and/or jets and/or 
squeeze rolls) and (4) an optional lubricant-application step. The fiber is then transported to receive the final appli- 
es cation of hot lubricant prior to the crimper. See Figure 6 for a drawing of this process which could effectively and 

efficiently apply high levels of the described lubricants to non-round fibers which have at least one groove. 

Additionally, the novel hot-lubricant-jet (or jets) illustrated in Figure 6 can be used to apply lubricant(s) to tow in 
situations in which the caustic treatment and subsequent neutralization steps are not used. This process can be operated 

40 in a variety of ways in order to subject the selected fiber to various operating conditions, temperature(s), treatments, 
surface coatings, two-step lubricant application, etc. 

Fibers with many well-formed grooves can contain more lubricant than those with few such grooves. Fibers with 
many grooves such as 8 or more preferably have at least about 0.3 wt. % lubricant coated thereon, more preferably 
between about 0.5 and 2 wt. % of the novel lubricants applied to the surfaces and grooves thereof. 

45 Cross-linking agents, such as epoxidized polyethers and polyglycidyl ethers with suitable initiators, etc., can be 

applied using the improved processes to alter the surface characteristics of the fiber or to modify the "hand" or feel, etc. 
The process shown in Figure 6 provides considerable flexibility. For example, it is possible to conveniently apply the 
selected cross-linking agent and any initiator which may be needed at Jet (or Jets) 2A and subsequently apply a process- 
ing lubricant containing a minor amount of the cross-linking agent at Jet (or Jets)2B, etc. Such cross-linking agents can 

50 contain a minor amount of ultraviolet (UV) inhibitors etc. 

This improved process (illustrated in Figure 6), has the capability to apply in a controlled manner, a variety of lubri- 
cants and other materials to the selected fibers and to provide the appropriate heat treatments. Thus, versatility is one 
of the major advantages of this improved process. As illustrated in Figure 6, it is preferred to contact the fibers with at 
least a portion of the lubricant or a component of the lubricant (eg. a solution containing polyethylene glycol 600 mon- 

55 olaurate alone) followed by heat-setting. This portion of the lubricant can be applied for example at 2a or between the 
4th set of rolls and the 2nd heat-setting unit. This application can then be followed by contacting the fibers with heated 
lubricant at 2b. For crimped fibers this is all preferably conducted prior to the crimper. However (as a novel but much 
less preferred process) using the process illustrated in Figure 1 , at least one heated component of a lubricant and/or a 
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cross-linking agent can be applied prior to the crimper; the tow is subsequently heat-set; and additional lubricant and/or 
other components can be applied by a conventional spray booth or brush applicator after the tow dryer. 

Relatively undrawn polyester binder fibers and amorphous copolyester binder fibers, etc. can be rendered suitably 
hydrophilic by the application of at least 0.2% and most preferably at least 0.3 wt. % of the described heated processing 

s lubricants by the process of the present invention. Binder fiber can be blended with at least one other fiber or other 
material, such as wood pulp, and the blend is then heated to cause the binder fiber to bond with the other component, 
usually in a compressed state, to make bonded non-woven hydrophilic products with various characteristics. A preferred 
copolyester binder fiber of about 2 to 8 denier/ filament (2.2 to 8.9 decitex) with a 1.5 or 2 inch (about 3.8 to 5.1 cm) 
staple length can be prepared from 100 mole % terephthalic acid, 69 mole % ethylene glycol and 31 mole % 1,4-cy- 

10 clohexanedimethanol. However, other binder fibers, including bicomponent types, can be used. Examples of suitable 
binder fibers include "KODEL 44U" (undrawn polyester) and "KODEL 41 0" (copolyester) fibers made by Eastman Chem- 
ical Company and "CELBOND" sheathcore, proprietary bicomponent fiber made by Hoechst Celanese Corp. The binder 
fibers can include side-by-side bicomponent types and those made from polyolefins. 

Rendering these fibers strongly hydrophilic provides a novel efficient method by which liquid-transport capability of 

15 the final products can be initiated or enhanced. A significant improvement in crimp formation can also be obtained if 
desired. In a typical application, these fibers are blended with at least one other fiber and subsequently bonded using 
heat and pressure. However, these novel hydrophilic copolyester binder fibers also can be blended with wood pulp 
and/or other materials to create products with enhanced overall liquid-transport performance, including durability. When 
blended with wood pulp, etc., the copolyester is usually cut to short staple lengths of about 0.6 inches (1 .5 cm) or less 

20 and often contains relatively little or no crimp. 

In recent years, the supply of viscose rayon has diminished significantly. However, there are many excellent hy- 
drophilic products containing this fiber which have been developed over the years, such as absorbent products, cleaning 
fabrics, filters, multi-purpose nonwovens, etc. The novel fibers of the present invention could be used to extend the 
supply of viscose rayon by making an appropriate blend. 

2S it is believed that high-strength, high quality fibers such as those used in polyester sewing-thread could also be 

benefited by treatment according to the process of the present invention. 

The following examples are intended to further illustrate the invention and are not intended as a limitation thereon. 

EXAMPLES 

30 

Since fiber lubrication is not an "exact science", the identification above and in the following examples of a "poor" 
lubricant from the procossability standpoint docs not mean it will automatically cause a total processing failure on all 
nonwoven and textile equipment in all situations. However, it is believed that, overall, the poor lubricant, whether hy- 
drophilic or otherwise, would cause significantly more problems, such as weak webs and/or sliver in carding, excessive 

35 web breakdowns, holes in the webs and/or uneven (cloudy) webs, difficulty operating consistently at the desired high 
rate of production, unsatisfactory opening of the staple prior to carding, etc. On the other hand, a "good" lubricant does 
not automatically process well on all equipment at all times under all conditions. Perhaps, in a given situation, the amount 
of this lubricant applied to the fiber might not be satisfactory or the fiber crimp could be poorly formed or too variable. 
There could be cases in which more of the lubricant is required in a particular process in order to perform well, etc. 

40 However, it is believed that, overall, this "good" lubricant would be more broadly applicable to a larger number of non- 
woven and/or textile processes and/or processing conditions with more favorable results than the "poor" one. 

Example 1 

45 The following example illustrates some deficiencies of crimped staple fiber samples that are not prepared according 

to the present invention. A sample of fiber tow having a "Figure 8" cross-section was prepared as follows: 

Dried fiber-grade polyethylene terephthalate (PET) polymer of 0.63 inherent viscosity (IV) was melt spun at about 
293°C through a spinnerette having 824 holes of dumbbell ("Figure 8") shape. IV is the inherent viscosity as measured 
at 25°C at a polymer concentration of 0.50g/100 milliliters (Ml) in a suitable solvent such as a mixture of 60 weight % 
50 phenol and 40 weight % tetrachloroethane. The spun fibers of about 4.4 denier per filament (4.9 decitex per filament) 
(dpf) were wound at 1250 meters per minute. 

Two samples of this polyester fiber ("Figure 8" cross-section) were prepared as drawn crimped staple with about 
1.5 denier per filament (1.7 decitex per filament) and 1.5-inch (3.8 cm) staple length using the process essentially as 
shown in Figure 1 except without the application of the hot lubricant by the jet prior to the crimper. Approximately 0.15 
55 weight % and 0.3 weight % lubricant was applied at room temperature by a spray method to the tow after the tow dryer. 

The lubricant ("LUROL" 2617 from Goulston Co., Monroe, N.C.) consisted of methyl-capped POE (10) laurate as 
the major component and quaternary amine carbonate as the minor component. The components were dispersed in 
water to prepare a 1 5% emulsion. The necessary guides were used to provide a path to and through the spraying booth 
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and then to the cutter to cut the tow into staple. The weight % lubricant was measured by tube elution as previously 
described. 

The temperature of the first drafting bath with 2% sodium hydroxide solution was maintained at about 69°C. An 

overall draw ratio of about 3.3 was maintained during the drafting process. The heat-set unit was maintained at a tem- 
s perature sufficient to produce a tow temperature of about 140°C. After the heat-set unit, the fiber was neutralized with 

a weak (at least about 0.4 to 0.6% by weight) solution of acetic acid in water at about room temperature or above. 

Contact bars were mounted on the downstream side of the neutralization bath in order to skim off a major portion of the 

liquid. The fiber was crimped and then heat-set at about 97°C for about 5 minutes after crimping; was lubricated and 

then cut into about 1.5-inch (3.8 cm) staple. These samples were run on a Research processing line using a total tow 
10 denier of about 50,000 to 60,000 (55,555 to 66,666 decitex). The tow had an average of 1 1 to 1 3 crimps per inch (about 

4.3 to 5.1 crimps per cm) with approximately a 90-to-100 degree average crimp angle. The crimps per unit length and 

the crimp angle were measured as previously described. 

These two caustic-treated fiber samples had good liquid-transport capability but had variable crimp with relatively 

wide (open) crimp angles and poor cohesion values. Carded webs from various samples of this fiber tended to be weak 
15 with some uneven webs and/or web failures due to low cohesion. 

Cohesion values for these fibers were determined by the instrument and method disclosed in U.S. Patent 4,649,605 

as previously described. The cohesion values for these fibers were low, averaging about 4.0 to 5.0 (10.2 to 12.7 metric). 

As previously indicated, the cohesion number is intended to be used to indicate comparative cohesion of staple fibers. 

The cohesion values are determined during carding and indicate comparative strengths of card webs representing the 
20 various samples. 

Example 2 

The purpose of this example is to illustrate the liquid-transport performance of fibers prepared using various aspects 
2S of the present invention when compared to noninventive aspects. A number of samples were prepared and tested for 
drop-wetting performance. The following conditions were used in this study using a Research processing line and about 
55,000 total tow denier (61,111 total tow decitex) operated at a speed of about 40 meters per minute: 

1 Polyester: Polyethylene terephthalate melt spun using the conditions essentially as described in Example 1 with 
30 spinnerettes for round and "Figure 8" cross-sections 

2. Denier and staple length: about 1 .5 x 1 .45 inches (1 .7 decitex x 3.7 cm) 

3. Fiber cross-sections: Round and "Figure 8" (One 180 kg creeling of undrawn fiber was spun for each cross-sec- 
tion.) 

4. Treatments: 2% caustic (C) followed by neutralization as described above and in U.S. Patent 4,642,792 or no 
35 caustic (N). 

5. Lubrication methods for the various samples: Two hot-lubricant jets (HIJ) located above the tow, as shown in 
Figure 4 placed within 30 inches (76 cm) of the crimper input using the process shown in Figure 1 ; prior-art lubrication 
after crimping (LAC); or no lubricant (NL). 

6. Lubricant target for all samples: 0.4+/-0.05 weight % using the same lubricant as used in Example 1 . 

40 7. Heat-setting treatment after crimping: 1 45+/-6°C for approximately 5.0 minutes with hot air circulation. Of course, 

the damp tow entering the dryer is not at this temperature for the entire time. 

8. Drop-wetting test method: AATCC 39-1971 . 

9. Tow tensions after the tow dryer through the cutter for Samples A, B, D, F and G were maintained at the minimum 
that was consistent with good operation of the cutter. The minimum air flow necessary to transport the staple from 

45 the cutter through the delivery system to the collection system was used. Tow tensions for the Samples C and E 

(lubricated after crimping) were higher at the cutter than the other samples because it was necessary to pass over 
the guides and rollers that guided the tow to and through the lubricant-spray booth prior to the cutter as shown in 
Figure 1 . It was not necessary for samples A, B, D, F and G to pass through this booth. 

10. Nonwoven fabric construction: about 16 grams/sq. yard (19.1 grams per sq. meter) of carded fiber was pow- 
50 der-bonded with about 4 grams/sq. yard (4.8 grams per sq. meter) of Eastobond 252 polyester powder. The batting 

was created in two layers from two nonwoven carding machines located to deliver one layer on top of the other prior 
to the powder-application machine with subsequent heating and passage through bonding rolls to compress the 
material to form a thin sheet of bonded nonwoven fiber. This powder-bonding method is well known in the nonwoven 
manufacturing industry. 

55 11 . Scouring method: Hot-water jet as described above. The jet delivered about 1100 cubic centimeters of water 

per minute which had been heated to about 54°C with a pressure at the jet of 20 psig (1 38kPa) maintained at about 
6 inches (15.2 centimeters) from the nonwoven samples (22.9 X 71.1 centimeters per sample) for 60 seconds. 
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Each sample of nonwoven fabric was tested for ( 
scour. The average drop-wetting results (in seconds) , 
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p wetting in the original form and after receiving a 60-second 
■ as set out in Table 2. 

Table 2 



Drop-Wetting Time *** 
After Samples Were 
HLJVLAC Scoured for: 
or NL 0 Sec 60 Sec 



HLJ 


2.8 


4 


HLJ 


2.8 


48 


LAC 


6.2 


82 


HLJ 


4.8 


118 


LAC 


7.6 


600 


HLJ 


11.8 


600 


NL 


600.0 


600 



A light water spray vas necessary in order to 
process this unlubricated fiber through carding. 
The carding performance of Sample G was very poor 
and the resultant powder-bonded fabric was not 
uniform. Sample G does provide an indication of 
the large difference in the drop-wetting 
performance of unlubricated fiber compared to (l) 
non-round fiber (Sample C) ; (2) one embodiment of 
the novel fibers (Sample A); and (3) the other 
samples representing the various treatments shown 
above. 
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** Multiple tests were run on the scoured samples for 
the more preferred novel fiber. 

*** It is recognized that there is a certain amount of 
variability in the AATCC 39-1971 procedure caused 
by visual recognition and judgment of the end point 
at which the drop has been fully dispersed. To 
reduce variability, these tests were performed by 
one senior operator to make comparisons among 
samples as accurate as possible. Other operators 
could obtain differences in absolute time 
measurements due to the recognition and judgment 
factors . 

ThG results were plottQd graphically as shown in Figure 5 representing the wetting time in original condition and 
after scouring for 60 seconds. 

The results for Sample F indicated that round cross-section fiber processed without caustic but with the hot-lubricant 
jets (to attempt to improve crimp formation) had relatively poor liquid-transport durability. Unexpectedly, the results for 
Sample B indicate that, even without caustic, the hot-lubricant-jet process followed by crimping and heat-setting as 
previously described could be of benefit in preparing products for at least one-time use (nonwovens for cleaning appli- 
cations, wipes, incontinence products, etc.). The tests on Sample G, which was not lubricated with a hydrophilic product, 
did not produce satisfactory drop-wetting results. 

In view of these overall results, our inventive process with less preferred lubricants provided drop wetting at least 
equal to and possibly somewhat better than the conventional processes. 

Example 3 

Except for heat-setting at about 75°C instead of about 145°C, fiber essentially identical to Sample A in Example 2 
was prepared using two hot-lubricant jets located above the tow as shown in Figure 4. Approximately 0.4 weight % 
lubricant was applied. This lubricant consisted of 70 weight % polyethylene glycol 600 monolaurate and 30 weight % 
polyoxyethylene (5) potassium lauryl phosphate prepared as 15 % emulsion in water. This sample had excellent wet- 
tability. However, when tested for cohesion during carding using the method previously described, the crimped staple 
sample had poor (low) cohesion and thus did not provide an acceptably balanced overall performance. 

Example 4 

Fiber-grade PET polymer of 0.64 IV was melt spun at 280°C through a 16-hole spinnerette to make filaments with 
"8-groove" cross-sections somewhat similar to that illustrated in Figure 2d. The 40 denier per filament fiber (44.4 decitex 
per filament) was spun at 1500 meters per minute and subsequently was processed on a tow-processing line as shown 
in Figure 1. The total tow denier was about 55,000 (61,111 decitex). 

About 400 pounds (182 Kg) of this eight-groove fiber were spun and wound onto tubes in the relatively undrawn 
state; placed in the creel on the Research processing line; drafted with approximately 2-to-1 overall draw ratio in a heated 
bath containing 2% caustic to obtain about 20-22 denier per filament (22.2 to 24.4 decitex); processed through the steam 
chest and heat-setting unit; immersed in the neutralization bath containing weak acetic acid (about 0.5%); and treated 
with two top hot-lubricant jets in series as shown in Figure 4 prior to the crimper and tow dryer with the objective of 
obtaining at least about 0.4 to at least about 2 % lubricant by weight dried onto the hydrolyzed fiber which was prepared 
in the form of crimped staple. See Figure 1 for a drawing of this process. The lubricant was the same type as was used 
in Example 3. 

Except for the necessary change in draw ratio, the processing conditions were similar to the ones used successfully 
on the "Figure 8" fiber as shown in the previous examples. However, the desired percent lubricant was not obtained. 
Surprisingly, two separate tests indicated that the lubricant level was only about 0.03 to 0.1 weight % using the same 
tube elution test that was used in the previous examples. After doubling the concentration of the lubricant supply from 
20 to 40 weight %, the fiber had only about 0. 1 9 wt. % which was far below the most preferred minimum application of 
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at least 0.5 wt. % or more for fibers with about 8 or more grooves. As the concentration of the lubricant supply was 
increased to 40 wt. %, the lubricant became thicker and difficult to work with, even when heated, and proper penetration 
into the tow band became increasingly difficult to achieve. 

Moreover, with the jets fully open, there was a large loss of lubricant which poured over the sides of the tow into 
the lubricant drain. The crimper-roll pressure was then reduced to allow more lubricant to be carried forward with the 
tow, however, crimp formation deteriorated and was unacceptable. 

We discovered that excessive liquid retention in the grooves was the problem. This excessive liquid simply blocked 
the lubricant from properly entering the grooves. A novel process was then designed to overcome this problem as 
illustrated in Figure 1 with at least one Partial Liquid Removal Means 1 In this case, in addition to the wiper bars that 
had been used for the "Figure 8" samples, an air-jet system was installed after the bars to remove the excessive liquid 
after the neutralization bath and prior to the hot-lubricant jets. 

Using this novel process with a concentration of about 25 wt. % of the lubricant in solution, fibers with eight grooves 
were prepared with at least 0.5 to 1 .5 wt. % of the lubricant of Example 3 dried on in the tow dryer as has been previously 
described. The fiber was found to be hydrophilic. 

Example 5 

Caustic-treated fiber similar to that made for Sample A in Example 2 (except as stated below) was prepared using 
two hot-lubricant jets operated at about 80°C located above the tow as shown in Figure 4. The crimped tow was dried 
in the tow dryer at 65°C for about 5 minutes. This example compares the fiber opening, carding performance, cohesion 
values and vertical-wicking performance of four hydrophilic lubricants applied by hot-lubricant jets to 1.5 denier per 
filament, (1 .7 decitex per filament) 1 .5 inch (3.8 cm), polyester fiber in a "Figure 8" cross-section. The fiber for all four 
lubricants was produced on the same line in an effort to hold processing variability to a minimum. The desired minimum 
weight % lubricant was at least 0.3. The crimp frequency was approximately 14 to 16 crimps/inch (5.5 to 6.3 crimps per 
cm). The approximate mean crimp angle of about 70 degrees was obtained using the estimation method described in 
Example 8. However, as previously stated, crimp frequency and angle are useful rough estimates to have in setting up 
the operation of a processing line but are not sufficiently reproducible for acceptance sampling and do not provide an 
adequate indication of carding performance. Samples were treated as shown in Table 3. 
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The samples were made on a single processing line using the same crimper (3/4" width rolls) (1.91 cm) adjusted by the 
same experienced operators. The tests for % lubricant by weight (using tube elution) indicated that at least 0.3 weight 
% had been applied to all samples by the two hot-lubricant jets (minimum had been met). The tests that were made on 
the crimped staple sampled at the cutter during processing indicated an overall tight grouping of results centering around 
an average of about 0.37 weight %. However, when the carded sliver was tested later, it was found that, overall, Samples 
A, B and C had very good agreement as a group in average weight % lubricant but that Sample D was about 0.12 to 
0.22 weight % lower than A, B and C. Sample D did exceed our minimum target of 0.3 wt. % in tests on both staple and 
sliver. Each sample was placed in a chutefeed system to be subsequently opened by tumbling, spike apron, fine opener 
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and air currents in the standard manner and then automatically fed to a textile carding machine which was equipped 
with a cohesion-test unit as described. The following results in Table 4 were reported by the Technical Service Laboratory 
personnel who conducted the evaluations: 



Table 4 



Sample 


Fiber Opening Performance 


Observation of Carded Web For 
Strength 


Comparative Weighted-Average 
Cohesion Value 


A 


Good 


Weak 


4.6 (11.7 metric) 


B 


Good 


Normal 


5.7 (14.5 metric) 


C 


Not Satisfactory 


Normal 


6.4 (16.3 metric) 


D 


Good 


Normal 


5.6 (14.2 metric) 



Overall no advantage was found for Sample D over Sample B. The tests and observations were made by experi- 
enced carding operators who have made many such tests on various types of polyester fibers over a number of years. 
Thus ; the results show that the lubricant formulation of Sample A provided good fiber opening but poor cohesion while 
the formulation for Sample C did not provide satisfactory fiber opening but did provide good cohesion. The results further 
indicate that when combined as was done for Sample B, the components provided good overall performance as shown 
above. In addition, the results indicate that the proportions of the components of the lubricant used for Sample B could 
be varied to a certain extent to provide increased or decreased responses for different fibers and to satisfy different final 
objectives. 

Carded sliver (65 grains per yard, 4.6 grams per meter) from each of the four samples was saved for evaluation by 
the Automated Vertical Moisture Transport Test previously described. Average capacity of each sample expressed as 
the weight of liquid per gram of fiber (grams/gram) was as follows: 

Sample A -4.9 
Sample B - 5.3 
Sample C-5.3 
Sample D-4,2 

The results are shown in Figure 3 and indicate that the novel 3-component lubricant (Sample B) is least as effective in 
vertical transport as the lubricants used for Samples A, C and D and possibly slightly more effective in this regard. The 
unexpected results indicate that the novel three-component lubricant-antistat, particularly when applied in a heated 
condition by our novel jets, provides improved, well-balanced, overall performance and improved overall margin of safety 
in terms of fiber opening, cohesion, and processability with at least equal and possibly somewhat better hydrophilic 
performance compared to prior art. Additional versatility is indicated by favorable results obtained with different 
cross-sections and fiber polymers. The preferred application method is by our novel hot-lubricant jet process but other 
application means can be considered. 

Example 6 

The purpose of this example is to illustrate the use of the present invention on fibers other than polyester. Using 
the well known solvent-spinning process (acetone), cellulose acetate fibers of 3.3 denier per filament 3.67 decitex) in a 
"Y-shaped" cross-section were spun from multiple cabinets and then were guided across a lubricating roll and into a 
crimper to form a 50,000 total denier crimped tow. This tow was then introduced under suitable low tension to the first 
set of rolls of the process shown in Figure 1 . The tow was passed through a draw bath at about 60 degrees C using a 
draw ratio of about 1 .2 to 1 . A portion of this drawing step was used to remove the original crimp to create a tow with 
little or no crimp for this experiment. The bath was equipped with Liquid-Removal Means 1 on the output side and the 
tow subsequently passed through a steam chest and the heat-setting unit both of which were maintained at about 100 
degrees C. The bath and liquid-removal means were also used to remove at least the most easily accessible portion of 
the spinning lubricant (mineral-oil based). 

A hot-lubricant jet applied the most preferred and novel hydrophilic lubricant (heated to 80°C) immediately prior to 
the 0.5-inch width crimper (1.27 cm). The lubricant was composed of 49 wt. % PEG 400 monolaurate, 49 wt. % PEG 
600 monolaurate and 2 wt. % 4-ethyl, 4-cetyl, morpholinium ethosulfate at a 20 wt. % concentration in water. These are 
the same three components used to prepare the lubricant for Sample B in Example 5 but with the antistat reduced to 2 
wt. % with a corresponding increase in the other two components to 49% each. Approximately 0.75 wt. % of the lubricant 
was applied to the fiber. The crimped tow was dried at about 70°C for about 5 minutes. The resultant staple had a 
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relatively dry hand. 

This test was intended to determine whether or not a relatively low level (for cellulose acetate) of lubricant would 
be satisfactory for 1) processability on a nonwoven carding machine and 2) liquid-transport properties. The lowest sat- 
isfactory tension for cutting a 2-inch staple (5.1 cm) length was used. The staple was found to have about 12 to 14 
s average crimps per inch (4.7 to 5.5 crimps per cm) at about an 85 to 90 degree average crimp angle using the estimated 
method described in Example 8. 

In a small-scale experiment, it was possible to card the fiber (on a carding machine for nonwovens) but there was 
a definite indication of static at this weight % of the lubricant. Thus, it was clear that for production purposes, at least a 
higher level of the antistatic component and perhaps the other components of the lubricant would be needed for cellulose 
10 acetate fiber. 

The carded web was then subjected to a needle-punching operation in order to create a nonwoven fabric which 
was suitable for testing. The needle-punched nonwoven weighed about 3.8 ounces per square yard (129 grams per 
square meter) with a thickness of about 0.1 06 inches (0.27 cm) under a pressure of 0.01 pounds per square inch (0.069 
kPa). The fabric had good liquid-transport properties as indicated by basket-sink tests in distilled water. The average 

15 basket-sink time was 5.38 seconds obtained from the following individual tests: 7.65, 5.30 and 3.20 seconds. 

The cellulose acetate samples described in this Example 6 created a special analysis problem due to the fact that 
mineral-oil-based lubricant was applied during spinning and was only partially removed by the drafting bath prior to 
application of heated hydrophilic lubricant as subsequently described. It was necessary to heat these samples for 16 
hours at about 100°C in order to substantially remove the mineral oil before performing the tube-elution procedure. The 

20 dried samples were allowed to condition for about 8 hours to determine % moisture regain and were then dried at about 
120°C for about 30 minutes prior to performing the tube elution procedure. 

Example 7 

Fiber similar to Sample A in Example 2 was prepared using three hot-lubricant jets as illustrated in Figure 4. Ap- 
proximately 0.4 to 0.5 weight % of the following lubricant was applied at a temperature of about 85 degrees C: 

45 weight % PEG 400 monolaurate 
45 weight % PEG 600 monolaurate 
30 10 weight % 4-ethyl, 4-cetyl, morpholinium ethosulfate 

The lubricated, crimped tow was heat-set at about 75°C in the tow dryer. 

In order to properly seal off excess lubricant flow, it was helpful to cover the holes in the bottom jet which extended 
beyond the edges of the tow. These holes can be covered in any suitable manner, however, adjustable collars were 

3S used as shown in Figure 4. Then at least one bottom jet was oriented as shown to prevent, as much as is practical, any 
dry contact between the jet surface and the tow. Preferably, the fiber-contact surfaces of the bottom jet are coated with 
a suitable long-wearing material, such as a ceramic coating. 

No problems were found in using the novel three-jet lubrication apparatus and method in this test. Excessive flow 
was provided to the bottom jet with a return of excess lubricant to the lubricant heating and supply tank. Since three jets 

40 were not required to apply the target lubricant level to this about 55,000 to 60,000 denier tow (61 , 1 1 1 to 66,666 decitex) 
tow, the bottom jet was removed to continue the experimental work using the top two jets. The fiber was "Figure 8" 
polyester of about 1 .5 denier per filament (1 .7 decitex per filament) by about 1 .5-inch (3.8 cm) staple length . We con- 
cluded that the novel three-jet design shown in Figure 4 would be of major benefit in applying heated lubricant to the 
large tows of at least about 800,000 total denier (888,888 total decitex) up to several million total denier which are typical 

is of full-scale production lines for polyester and other fibers. 

Example 8 

This example is a further illustration of the overall performance of the three-component lubricant-antistat composition 
50 used in Sample B in Example 5. An "8-groove" polyester fiber drafted to about 5.9 denier per filament and crimped 
following application by jet of about 0.6 to 0.9 wt. % of this novel lubricant heated to about 80-85°C. The analyses of 
the wt. % lubricant on the fiber were 0.58 and 0.94 and represent two different tests conducted when the fiber was being 
run and then later sampled from storage. These results are further examples of variability that we have found at times 
in repeat tests and also between laboratories, etc. 
55 The crimped fiber was heated in the tow dryer at about 66 degrees for 5 minutes The average crimp frequency 

was about 12 to 14 crimps per inch (4.7 to 5.5 crimps per cm) with a crimp angle estimated to be about 69 degrees. 

The estimation method for crimp angle involves comparing lengths of crimped tow to the lengths obtained after 
straightening the same tow and converting the ratio of the lengths to an estimate of the average crimp angle. 
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The staple was cut to about 1 .5 inches (3.8 cm). It is important, particularly for non-round fibers such as illustrated 
in Figures 2a, 2b, 2c and 2d to maintain the lowest tow tension entering the cutter that is consistent with satisfactory 
control of staple length in order to avoid excessive increases in crimp angle with a reduction in cohesion. 

The textile carding machine used for this example was adjusted for running about 1 .5 or less up to about 3.0 de- 
nier/filament (1.7 or less up to about 3.3 decitex/filament) with the most satisfactory carding performance for these 
general multi-purpose settings. However, this carding machine was equipped and set in such a manner that it was 
possible to run staple up to about 7.0 denier/filament 7.8 decitex per filament) with at least acceptable web formation 
even though this is outside that most satisfactory range. The 5.9 denier/filament (6.6 decitex) fibers of this example were 
run on the same carding machine equipped with a cohesion test instrument which was used for the other cohesion tests 
in order to obtain a weighted-average cohesion value to compare against the values obtained in Example 5. With the 
denier/filament outside the most satisfactory range, some undesirable balled-up and tangled fibers were produced be- 
tween the carding cylinder and the fixed flats of the carding machine. However, it was possible to produce an acceptable 
web for testing and a cohesion value of 5.6 (1 4.2 metric) was obtained. The web was judged to have at least adequate 
strength. Thus, the novel hot-lubricant-jet process and novel three-component lubricant-antistat could be used satisfac- 
torily for overall performance of the "8-groove" fiber previously described. The carded sliver was found to be hydrophilic. 

Example 9 

An "8-groove" polyester fiber was produced under the following conditions: 

Drafting-bath temperature About 72 °C 
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Liquid-removal means 
Steam tube temperature 
Caustic treatment 
Neutralization treatment 
Heat-setting rolls 
Crimper width 
Tow— dryer temperature 
Total tow denier 
Crimp per inch 

Estimated crimp angle 
by the tow-estimation 
method: 



Weight % lubricant applied* 

a. PEG 880 sorbitan 

mono laur ate 

b. Same as a. 

c. PEG 880 sorbitan 

monostearate 

d. Same as c. 



Contact bars and air jet 

About 185°C 

None 

None 

Not heated 

0.5 inches (1.27 cm) 

About 130 °C (5 minutes) 

About 55,000 (61,111 decitex) 

About 12 to 14 (4.7 to 5.5 
crimps per cm) 

All samples were estimated 
to be greater than 90 8 
with the samples lubri- 
cated by hot-lubricant jet 
having somewhat sharper 
angles than spray-booth 
samples . 

0.49 by jet (about 80-85'C) 

0.55 by spray (room 
temperature) 

0.47 by jet (about 80-85°C) 



0.49 by spray (room 
temperature) 

♦Each lubricant consisted of 98 wt. % of the major ingredient 
plus 2 wt. % 4— ethyl, 4-cetyl, morpholinium ethosulfate 
antistatic agent mixed as a 20 wt. % concentration in 80 wt. 
% water. 



Denier/filament About 10 +/- 0.5 

("8-groove" fiber) (11.1 +/- 0.6 decitex per filament) 
Staple length About 2 inches (5.1 cm) 

These fibers were subsequently bonded using Kodel 410 binder fiber as previously described to form an approxi- 
mately 40-gram per square yard (48 grams per square meter) bonded nonwoven in which the fibers are heated and 
compressed to form the fabric in a manner well known in the art. 

All four nonwovens were found to be hydrophilic in basket-sink and drop-wetting tests. This process in which the 
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tow dryer was operated at 1 30°C was found to open tow crimp angles significantly wider than the angles obtained in 
Example 5 in which hot-lubricant application of the preferred lubricant formulations was used prior to crimping with the 
tow dryer operated at less than about 85°C. See Example 5 for comparison in which the heat -setting rolls are heated 
and the tow dryer is operated at a temperature below about 85°C. The process illustrated in this Example 9 is less 
preferred than the process illustrated in Example 5 but can be used in those situations in which the resultant fiber is 
found to perform at least acceptably in the subsequent nonwoven and/or textile processes. 

Example 10 

This example illustrates the application of the novel three-component lubricant-antistat composition used in Example 
6 in an effort to attempt to create a hydrophilic binder fiber. Kodel 410 binder fiber (about 8 denier/filament, 8.9 decitex 
per filament) (previously described) was chosen. A relatively hydrophobic lubricant (mineral-oil type) had been used 
satisfactorily on this fiber for a number of years for various nonwoven applications. 

About 0.25 weight % of the lubricant of Example 6 was applied to the Kodel 41 0 binder fiber (about 8 denier/filament) 
by a spray booth at room temperature. Subsequently, this fiber was blended with a major portion (about 80 wt. %) of an 
"8-groove" crimped staple. It was found that, during opening and feeding of the fiber, the binder fiber had become brittle 
and broke into many small lengths. Laboratory testing revealed that this fiber had lost a significant amount of strength 
and % elongation. Over a period of 50 days, the fiber became rapidly more brittle and weaker with sharply reduced 
elongation and is therefore not suited for this application as a binder fiber. 

Example 11 

This example illustrates the application of the two novel lubricants of Example 9 on separate samples and to attempt 
to provide a binder fiber with improved hydrophilic action. The lubricants used in Example 9 were applied at about 0.25 
wt. % to samples of tow used to make Kodel 41 0 staple fiber. Over a period of 50 days, the tow samples had only slight 
losses of strength and elongation. Thus, these two lubricants would be satisfactory to use in preparing binder fiber with 
hydrophilic properties. 

Example 12 

In an aging test of the novel three-component lubricant, hydrophilic, bonded nonwoven fabric of sample B in Example 
5 were stored for over 7 months and were then examined. It was found that the bonded structure and hydrophilic function 
of these fabrics had been retained. 



Claims 

1 . A process for treating fibers comprising: 

(A) contacting fibers in a tow band with a free flowing solution or emulsion containing about 5 weight percent 
or more of a non-tacky antistatic hydrophilic lubricant at a temperature between about 40°C and the boiling 
point of the solution; 

(B) spreading said solution or emulsion into said tow band to coat all surfaces of said fibers; and 

(C) heating said fibers at a temperature of about 40°C or more for a sufficient time to dry the lubricant-coated 
fibers 



wherein any excess liquid present in the fibers has been removed prior to said contacting of step (A) and said tow 
band coated with said solution is crimped or compressed after said contacting of step (A) but prior to said heating 
of step (C) and 

wherein said lubricant either is comprising a mixture of high and low molecular weight polyethylene glycol fatty acid 
esters wherein the low molecular weight polyethylene glycol fatty acid ester has a molecular weight in the polyeth- 
ylene glycol portion below 500 and the high molecular weight polyethylene glycol fatty acid ester has a molecular 
weight in the polyethylene glycol portion above 500 

or 

is comprising at least one polyethylene glycol monolaurate or monostearate having a sorbitan group. 
2. The process according to Claim 1 wherein said lubricant also contains a minor portion of at least one compound 
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selected from the group consisting of coloring agents, aroma-enhancing agents, scouring agents, anti-fungal agents, 
anti-bacterial agents, defoamers, other hydrophilic components, bonding agents, mineral oils, acetic acid, citric acid, 
ascorbic acid, super-absorbent powders or polymers, fluorescent additives, antiseptic additives, antistatic agents, 
cross-linking agents, and mixtures thereof. 

3. The process according to claims 1 or 2 wherein said lubricant contains about 1 to 20 weight percent of an antistatic 
agent. 

4. The process according to Claim 3 wherein said lubricant contains a minor portion of at least one antistatic agent 
selected from the group consisting of quaternary amine salts and salts of polyoxyethylene and organic fatty alcohol 
esters. 

5. The process according to Claim 1 wherein said solution is an aqueous solution containing about 10 wt. % or more 
of said lubricant and said fibers are contacted therewith at a temperature between about 50 and 1 00°C; said spread- 
ing in Step B is produced at least partially by crimper rolls; said heating in Step C is conducted at a temperature 
between about 40 and 1 35°C for at least 20 seconds; and said fibers are subsequently subjected to tension. 

6. The process according to Claims 1,2, 3, 4, or 5 wherein said fibers are selected from the group consisting of 
polyester, cellulose ester, modacrylic, nylon, viscose rayon, and blends or mixtures thereof; have at least one axial 
groove; and are in the form of a tow of at least about 10,000 total denier (11,111 total decitex). 

7. The process according to Claims 1 , 2, 3, 4, 5, or 6 wherein said fibers provided to Step A are caustic-treated fibers 
that have between 2 and 30 axial grooves which are substantially continuous and said fibers are contacted with 
said solution using at least one continuous flow means above said fibers and at least one continuous flow means 
below said fibers said continuous flow means positioned to avoid dry contact with said fibers. 

8. The process according to Claim 1 wherein said fibers provided to Step A are substantially dry caustic-treated fibers 
that have at least one axial groove. 

9. The process according to Claims 1 , 2, 3, 4, 5, 6, 7 or 8 wherein said fibers are hydrolyzed fibers having at least 1 
groove and a denier per filament of about 0.8 to 200 (0.89 to 222 decitex) and said lubricant is an aqueous solution 
containing at least 1 0 wt. % of a mixture of high and low molecular weight polyethylene glycol fatty acid esters and/or 
at least one polyethylene glycol monolaurate or monostearate having a sorbitan group and, at least one agent 
selected from the group consisting of, an antistatic agent, a defoamer, an antiseptic agent, a cross-linking agent 
with or without a catalyst and an additive with bonding properties 

10. The process according to Claim 9 wherein the low molecular weight polyethylene glycol fatty acid ester is polyeth- 
ylene glycol 400 monolaurate and the high molecular weight polyethylene glycol fatty acid ester is polyethylene 
glycol 600 monolaurate. 

11 . A lubricant composition comprising a mixture of high and low molecular weight polyethylene glycol fatty acid esters 
wherein the low molecular weight polyethylene glycol fatty acid ester has a molecular weight in the polyethylene 
glycol portion below 500 and the high molecular weight polyethylene glycol fatty acid ester has a molecular weight 
in the polyethylene glycol portion above 500, wherein said lubricant also contains a minor portion of at least one 
compound selected from the group consisting of coloring agents, aroma-enhancing agents, scouring agents, 
anti-fungal agents, anti-bacterial agents, defoamers, other hydrophilic components, bonding agents, mineral oils, 
acetic acid, citric acid, ascorbic acid, super-absorbent powders or polymers, fluorescent additives, antiseptic addi- 
tives, antistatic agents, cross-linking agents, and mixtures thereof. 

12. The composition according to Claim 11 wherein said mixture contains a minor amount of an antistatic agent. 

1 3. The composition according to Claim 1 2 wherein said antistatic agent is a salt of a quaternary ammonium compound 
or a quaternary amine compound. 

14. The composition according to Claim 1 3 wherein said antistatic agent is 4-ethyl, 4-cetyl, morpholinium ethosulfate. 

15. The composition according to Claim 11 wherein the low molecular weight polyethylene glycol fatty acid ester is 
polyethylene glycol 400 monolaurate and the high molecular weight polyethylene glycol fatty acid ester is polyeth- 
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ylene glycol 600 monolaurate. 

16. The composition according to Claim 15 wherein said mixture contains at least 40 weight % polyethylene glycol 400 
monolaurate, at least 40 weight % polyethylene glycol 600 monolaurate, and up to 10 weight % 4-ethyl, 4-cetyl, 
morpholinium ethosulfate. 

17. The composition of Claim 16 wherein the composition is in an aqueous solution. 

1 8. A lubricant composition comprising a mixture of at least one polyethylene glycol monolaurate or monostearate having 
a sorbitan group and a minor portion of at least one compound selected from the group consisting of coloring agents, 
aroma-enhancing agents, scouring agents, anti-fungal agents, anti-bacterial agents, defoamers, other hydrophilic 
components, bonding agents, mineral oils, acetic acid, citric acid, ascorbic acid, super-absorbent powders or pol- 
ymers, fluorescent additives, antiseptic additives, antistatic agents, cross-linking agents, and mixtures thereof. 

19. The composition according to Claim 18 wherein said mixture contains a minor portion of at least one antistatic agent 
and a major portion of a lubricant selected from polyethylene glycol 880 sorbitan monolaurate, polyethylene glycol 
880 sorbitan monostearate and mixtures thereof. 

20. An article of manufacture comprising fibers, obtainable by the process according to any one of claims 1-10, having 
at least 1 groove, either caustic -treated or not caustic -treated, and having a denier per filament of 0.8 to 200 (0.89 
to 222 decitex) selected from the group of fibers consisting of nylons, polyolefins, polyesters, cellulose esters, 
modacrylic, viscose rayon, and blends or mixtures thereof having 0.3 wt. % or more of at least one composition 
from claims 11, 12, 13, 14, 15, 16, 18, or 19 applied to their surfaces 

21. An article of manufacture comprising binder fibers having about 0.3 wt. % or more of the lubricant from Claim 18 
baked onto their surfaces. 

22. An article of manufacture according to claim 20 wherein said fibers are formed into at least one component of a 
product selected from the group consisting of products containing at least one of said fibers in a blend with wood 
pulp, absorbent products, wiping/cleaning webs orfabrics, insulation, aroma/flavor materials, liners, wicks, relatively 
thick battings, compressed bonded battings or webs, needle-punched battings or webs, bandages, incontinence 
products, filters, and combinations thereof. 

23. An article of manufacture according to claim 20 comprising continuous filaments, either crimped or not crimped, in 
tow form that have been subsequently opened or spread by rolls and/or jets, and are a part of nonwoven products 
or filters. 

24. An article of manufacture according to claim 20 comprising fibers having a cross-section that has at least two 
fork-shaped or Y-shaped elements which are connected to a single central core element which can be solid or hollow 
which are joined at a central point so as to project outward therefrom, forming liquid-transport channels between 
said elements which also extend outward from the central point. 

25. An article of manufacture according to claim 24 comprising fibers having a cross-section of at least one opposing 
pair of fork-shaped or Y-shaped grooves or channels and an opposing pair of slot-shaped elements, all of which 
are joined at a central core so as to project outward therefrom forming liquid-transport channels between said ele- 
ments which also extend outward from the central point. 

26. An article of manufacture according to claim 20 comprising fibers wherein at least one cross-linking agent has been 
applied to the surface thereof and cured prior to the application of at least 0.3 weight % of said composition. 

27. A process according to claim 1 

(A) contacting heat-resistant fibers in a tow band with a free-flowing solution containing about 5 weight percent 
or more of a non-tacky antistatic hydrophilic lubricant containing a mixture of high and low molecular weight 
polyethylene glycol monolaurates at a temperature between about 40°C and the boiling point of the solution 
wherein the low molecular weight polyethylene glycol monolaurate has a molecular weight in the polyethylene 
glycol portion below 500 and the high molecular weight polyethylene glycol monolaurate has a molecular weight 
in the polyethylene glycol portion above 500; 
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(B) spreading said solution into said tow band to coat substantially all surfaces of said fibers; and 

(C) heating said fibers at a temperature of about 40°C or more for a sufficient time to dry the lubricant-coated 
fibers. 

28. The process according to claim 27 wherein said spreading of step (B) is done at least partially by the driven rolls of 
a crimper and said fibers are crimped after said spreading of step (B) and prior to said heating of step (C). 

29. The process according to Claim 27 wherein the low molecular weight polyethylene glycol monolaurate is polyeth- 
ylene glycol 400 monolaurate and the high molecular weight polyethylene glycol monolaurate is polyethylene glycol 
600 monolaurate. 

30. The process according to Claim 29 wherein said mixture contains at least 40 weight % polyethylene glycol 400 
monolaurate, at least 40 weight % polyethylene glycol 600 monolaurate ; and up to 20 weight % 4-ethyl, 4-cetyl, 
morpholinium ethosulfate. 

31. The process according to Claim 1 wherein said lubricant contains a major portion of a lubricant selected from the 
group consisting of polyethylene glycol 880 sorbitan monolaurate, polyethylene glycol 880 sorbitan monostearate, 
and mixtures thereof and, a minor portion of at least one agent selected from the group consisting of, antistatic 
agent, a defoamer, an antiseptic agent, a cross-linking agent with or without a catalyst and an additive with bonding 
properties. 

32. A process according to Claim 1 for treating fibers comprising applying at least one cross-linking agent to said fibers 
prior to a crimping or compression means with subsequent curing on heated rolls or in an oven and at least 0.3 
weight % of a non-tacky, hydrophilic lubricant is applied after such curing means. 



Patentanspriiche 

1 . Verfahren zur Behandlung von Fasern, umfassend: 

(A) Inkontaktbringen der Fasern in einem Kabelband mit einer frei flieBenden Losung oder Emulsion, die etwa 
5 Gew.-% oder mehr eines nicht-klebrigen antistatischen hydrophilen Gleitmittels enthalt, bei einer Temperatur 
zwischen etwa 40°C und dem Siedepunkt der Losung, 

(B) Verteilen der Losung oder Emulsion auf das Kabelband, so daR alls Faseroberflachen bedeckt werden und 

(C) Erwarmung der Fasern auf eine Temperatur von etwa 40°C oder dariiber fur eine ausreichende Zeit, urn 
die gleitmittelbeschichteten Fasern zu trocknen, 

wobei beliebige, in den Fasern vorhandene Uberschuf3flussigkeit vor dem Inkontaktbringen in Schritt (A) entfernt 
wurde und das mit der Losung beschichtete Kabelband nach dem Inkontaktbringen in Schritt (A), aber vor dem 
Erwarmen in Schritt (C), gekreppt oder komprimiert wird und 

wobei das Gleitmittel entweder eine Mischung aus Polyethylenglykolfettsaureestern mit hohem und niedrigem Mole- 
kulargewicht umfaGt, wobei der Polyethylenglykolfettsaureester mit niedrigem Molekulargewicht ein Molekularge- 
wicht im Polyethylenglykolanteil von unterhalb 500 und der Polyethylenglykolfettsaureester mit hohem Molekular- 
gewicht ein Molekulargewicht im Polyethylenglykolanteil von oberhalb 500 hat, 
oder mindestens ein Polyethylenglykol-Monolaurat oder -Monostearat mit einer Sorbitangruppe umfaGt. 

2. Verfahren nach Anspruch 1 , wobei das Gleitmittel auch einen kleineren Anteil mindestens einer Verbindung enthalt, 
ausgewahltaus derGruppe bestehendaus: Farbungsmittel, aromasteigernde Mittel, Spulmittel, Antipilzmittel, anti- 
bakterielle Mittel, Antischaummittel, oder hydrophile Bestandteile, Bindemittel, Mineralole, Essigsaure, Zitronen- 
saure, Ascorbinsaure, superabsorbierende Pulveroder Polymere, fluoreszierende Additive, antiseptische Additive, 
antistatische Mittel, Quervernetzungsmittel und Mischungen davon. 

3. Verfahren nach Anspruch 1 oder 2, wobei das Gleitmittel etwa 1 bis 20 Gew.-% eines antistatischen Mittels enthalt. 

4. Verfahren nach Anspruch 3, wobei das Gleitmittel einen kleineren Anteil mindestens eines antistatischen Mittels 
enthalt, ausgewahlt aus der Gruppe bestehend aus: quaternare Aminsalze und Polyoxyethylensalze und organische 
Fettalkoholester. 
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5. Verfahren nach Anspruch 1 . wobei die Losung eine waGrige Losung ist, die etwa 1 0 Gew.-% oder daruber Gleitmittel 
enthalt, wobei die Fasern damit bei einer Temperatur zwischen etwa 50 und 100°C in Kontakt gebracht werden; 
das Verteilen in Schritt (B) wird durch Kreppwalzen zumindest teilweise bewirkt; das Erwarmen in Schritt (C) wird 
bei einer Temperatur zwischen etwa 40 und 1 35°C uber mindestens 20 Sekunden ausgefiihrt und die Fasern werden 

s im AnschluB daran mit Spannung beaufschlagt. 

6. Verfahren nach Anspruch 1 , 2, 3, 4 oder 5, wobei die Fasern ausgewahlt sind aus der Gruppe bestehend aus: 
Polyester, Celluloseester, Modacryl, Nylon, Viskosefaserstoff und Blends oder Mischungen davon; diese haben 
mindestens eine axiale Vertiefung und liegen als Kabel mit mindestens etwa 10.000 Denier total (11.111 Dezitex 

10 total) vor. 

7. Verfahren nach Anspruch 1 , 2, 3, 4, 5 oder 6, wobei die in Schritt (A) eingesetzten Fasern kaustisch behandelte 
Fasern sind, die zwischen 2 und 30 axiale Vertiefungen aufweisen, die im wesentlichen kontinuierlich verlaufen und 
wobei die Fasern mit der Losung unter Einsatz mindestens eines kontinuierlichen FlieBmittels oberhalb der Fasern 

15 und mindestens eines kontinuierlichen FlieBmittels unterhalb der Fasern in Kontakt gebracht werden und die kon- 

tinuierlichen FlieBmittel so angeordnet sind, daB ein trockener Kontakt mit den Fasern vermieden wird. 

8. Verfahren nach Anspruch 1 , wobei die in Schritt (A) eingesetzten Fasern im wesentlichen trockene kaustisch behan- 
delte Fasern sind, die mindestens eine axiale Vertiefung haben. 

20 

9. Verfahren nach einem der Anspriiche 1, 2, 3, 4, 5, 6, 7 oder 8, wobei die Fasern hydrolysierte Fasern sind mit 
mindestens einer Vertiefung und einem Denier pro Filament von etwa 0,8 bis 200 (0,89 bis 222 Dezitex), und wobei 
das Gleitmittel eine waBrige Losung ist, die mindestens 10 Gew.-% einer Mischung aus Polyethylenglykolfettsau- 
reestern mit hohem und niedrigem Molekulargewicht und/oder mindestens ein Polyethylenglykol-Monolaurat oder 

25 -Monostearat mit einer Sorbitangruppe und mindestens ein Mittel ausgewahlt aus der Gruppe bestehend aus einem 

antistatischen Mittel, einem Antischaummittel, einem antiseptischen Mittel, einem Quervernetzungsmittel mit oder 
ohne Katalysator und einem Additiv mit Bindeeigenschaften enthalt. 

10. Verfahren nach Anspruch 9, wobei der Polyethylenglykolfettsaureester mit niedrigem Molekulargewicht Polyethy- 
30 lenglykol-400-Monolaurat und der Polyethylenglykolfettsaureester mit hohem Molekulargewicht Polyethylengly- 

kol-600-Monolaurat ist. 

11. Gleitmittelzusammensetzung, die eine Mischung aus Polyethylenglykolfettsaureestern von hohem und niedrigem 
Molekulargewicht umfaBt, wobei der Polyethylenglykolfettsaureester mit niedrigem Molekulargewicht ein Moleku- 

35 largewicht im Polyethylenglykolanteil unterhalb von 500 und der Polyethylenglykolfettsaureester mit hohem Mole- 

kulargewicht ein Molekulargewicht im Polyethylenglykolanteil oberhalb von 500 hat, und wobei das Gleitmittel auch 
einen kleineren Anteil mindestens einer Verbindung ausgewahlt aus der Gruppe bestehend aus Farbmitteln, aro- 
masteigernden Mitteln, Spulmitteln, Antipilzmitteln, antibakteriellen Mitteln, Antischaummittenl, anderen hydrophilen 
Bestandteilen, Bindemitteln, Mineraldlen, Essigsaure, Zitronensaure, Ascorbinsaure, superabsorbierenden Pulvern 

40 oder Polymeren, fluoreszierenden Additiven, antiseptischen Additiven, antistatischen Mitteln, Quervemetzungsmit- 

teln und Mischungen davon enthalt. 

12. Zusammensetzung nach Anspruch 11, wobei die Mischung eine kleinere Menge eines antistatischen Mittels enthalt. 

45 13. Zusammensetzung nach Anspruch 12, wobei das antistatische Mittel das Salz einer quaternaren Ammoniumver- 
bindung oder eine quaternare Aminverbindung ist. 

14. Zusammensetzung nach Anspruch 13, wobei das antistatische Mittel 4-Ethyl-4-cetyl-morpholiniumethosulfat ist. 

50 15. Zusammensetzung nach Anspruch 11, wobei der Polyethylenglykolfettsaureester mit niedrigem Molekulargewicht 
Polyethylenglykol-400-Monolaurat ist und der Polyethylenglykolfettsaureester mit hohem Molekulargewicht Polye- 
thylenglykol-600-Monolaurat. 

16. Zusammensetzung nach Anspruch 15, wobei die Mischung mindestens 40 Gew.-% Polyethylenglykol-400-Mono- 
55 laurat, mindestens 40 Gew.-% Polyethylenglykol-600-Monolaurat und bis zu 10 Gew.-% 4-Ethyl-4-cetyl-morpholi- 

niumethosulfat enthalt. 

17. Zusammensetzung nach Anspruch 16, wobei die Zusammensetzung eine waBrige Losung ist. 
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18. Gleitmittelzusammensetzung aus einer Mischung von mindestens einem Polyethylenglykol-Monolaurat oder 
-Monostearat mit einer Sorbitangruppe und einem kleineren Anteil mindestens einer Verbindung ausgewahlt aus 
der Gruppe bestehend aus: FarbemitteL aromasteigernde Mittel, Reinigungsmittel, Antipilzmittel, antibakterielle Mit- 
tel, AntischaummitteL andere hydrophile Bestandteile, Bindemittel, Mineralole, Essigsaure, Zitronensaure, Ascor- 
binsaure, superabsorbierende Pulver oder Polymere, fluoreszierende Additive, antiseptische Additive, antistatische 
Mittel, Quervernetzungsmittel und Mischungen davon 

19. Zusammensetzung nach Anspruch 18, wobei die Mischung einen kleineren Anteil mindestens eines antistatischen 
Mittels und einen groBeren Anteil eines Gleitmittels ausgewahlt aus Polyethylenglykol-880-Sorbitanmonolaurat, 
Polyethylenglykol-880-Sorbitanmonostearat und Mischungen davon enthalt. 

20. Gegenstand aus Fasern, die nach einem Verfahren gemaB einem der Anspruche 1 bis 10 erhaltlich sind, mit min- 
destens einer Vertiefung, entweder kaustisch behandelt oder nichtkaustisch behandelt und mit einem Denier pro 
Filament von 0,8 bis 200 (0,89 bis 222 Dezitex), ausgewahlt aus der Gruppe der Fasern bestehend aus: Nylons, 
Polyolefine, Polyester, Zelluloseester, Modacrylfasern, Viskosefasern und Blends oder Mischungen davon mit 0,3 
Gew.-%oder mehr mindestens einer Zusammensetzung nach den Anspruchen 11, 12, 13, 14, 15, 16, 18 oder 19, 
aufgebracht auf deren Oberflachen. 

21 . Gegenstand umfassend Bindemittelfasern mit etwa 0,3 Gew.-% oder daruber eines Gleitmittels nach Anspruch 1 8, 
aufgebacken auf die Oberflachen. 

22. Gegenstand nach Anspruch 20, wobei die Fasern mindestens in einen Bestandteil des Produktes ausgeformt wur- 
den, ausgewahlt aus der Gruppe bestehend aus den Produkten enthaltend mindestens eine der Fasern in einer 
Mischung mit Holzpulpe, Absorptionsprodukten, Wisch- und Reinigungsgeweben oder Stoffbahnen, Dammstoff, 
Aroma- oder Geschmacksmaterialien, Uberzugspapier, Dochte, relativdicke Watte, komprimierte gebundene Watte 
oder Gewebe, nadelgeschlagene Watte oder Gewebe, Verbandstoffe, Inkontinenzprodukte, Filter und Kombinatio- 
nen davon. 

23. Gegenstand gemaB Anspruch 20, umfassend kontinuierliche Filamente, die entweder gekreppt oder nicht gekreppt 
sind, in Kabelform, das in der Folge durch Walzen und/oder Jets geoffnet oder gespleiBt wurde, und die Teile eines 
nicht-gewobenen Produkts oder Filters sind. 

24. Gegenstand nach Anspruch 20, umfassend Fasern mit einem Querschnitt, der mindestens zwei gabelgestaltige 
odery-gestaltige Elemente hat, die mit einem einzelnen Zentralkernelement verkniipft sind, das fest oder hohl sein 
kann, und die mindestens an einem zentralen Punkt miteinander verkniipft sind, so daB sie nach auBen gerichtet 
sind und Fliissigkeitstransportkanale zwischen den Elementen, die sich ebenfalls nach auBen gegeniiber dem Zen- 
tralpunkt erstrecken, bilden. 

25. Gegenstand nach Anspruch 1 4, umfassend Fasern mit einem Querschnitt von mindestens einem sich gegeniiber- 
liegenden Paar aus Vertiefungen oder Kanalen von gabelartiger oder y-artiger Gestalt und ein gegeniiberliegendes 
Paar von schlitzartig ausgestalteten Elementen, die alle an einem zentralen Kern verkniipft sind, so daB sie nach 
auBen weisen und flussigkeitstransportierende Kanale zwischen den Elementen, die ebenfalls von dem Zentral- 
punkt nach auBen weisen, bilden. 

26. Gegenstand nach Anspruch 20, umfassend Fasern, wobei mindestens ein Quervernetzungsmittel auf die Oberfla- 
che davon aufgebracht und vordem Aufbringen von mindestens 0,3 Gew.-% der Zusammensetzung gehartet wurde. 

27. Verfahren nach Anspruch 1 , umfassend: 

(A) Inkontaktbringen einer warmeresistenten Fasern in einem Kabelband mit einer freiflieBenden Losung, die 
etwa 5 Gew.-% oder daruber eines nicht-klebrigen antistatischen hydrophilen Gleitmittel enthalt, enthaltend 
eine Mischung aus Polyethylenglykol-Monolaurat von hohem und niedrigem Molekulargewicht, bei einer Tem- 
peratur zwischen etwa 40°C und dem Siedepunkt der Losung, wobei das Polyethylenglykol-Monolaurat mit 
niedrigem Molekulargewicht ein Molekulargewicht im Polyethylenglykolteil unterhalb von 500 und das Polye- 
thylenglykol-Monolaurat mit hohem Molekulargewicht ein Molekulargewicht im Polyethylenglykolteil von ober- 
halb 500 hat, 

(B) Verteilen der Losung auf das Kabelband, so daB dieses im wesentlichen auf alien Faseroberflachen 
beschichtet wird und 
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(C) Erwarmen der Fasern auf eine Temperatur von etwa 40°C oder daruber fur eine ausreichende Zeit, urn die 
gleitmittelbeschichteten Fasern zu trocknen. 

28. Verfahren nach Anspruch 27, wobei das Ausbreiten in Schritt (B) zumindest teilweise durch die Antriebswalzen 
einer Kreppvorrichtung geschieht und die Fasern nach dem Verteilen in Schritt (B) undvor dem Erwarmen in Schritt 
(C) gekreppt werden. 

29. Verfahren nach Anspruch 27, wobei das Polyethylenglykol-Monolaurat mit niedrigem Molekulargewicht Polyethy- 
lenglykol-400-Monolaurat ist und das Polyethylenglykol-Monolaurat mit hohem Molekulargewicht ist Polyethylen- 
glykol-600-Monolaurat. 

30. Verfahren nach Anspruch 29, wobei die Mischung mindestens 40 Gew.-% Polyethylenglykol-400-Monolaurat, min- 
destens 40 Gew.-% Polyethylenglykol-600-Monolaurat und bis zu 20 Gew.-% 4-Ethyl-4-cetyl-morpholiniumethosul- 
fat enthalt. 

31. Verfahren nach Anspruch 1, wobei das Gleitmittel einen groBeren Anteil eines Gleitmittels, ausgewahlt aus der 
Gruppe bestehend aus Polyethylenglykol-880-Sorbitanmonolaurat, Polyethylenglykol-880-Sorbitanmonostearat 
und Mischungen und einen kleinen Anteil mindestens eines Mittels, ausgewahlt aus der Gruppe bestehend aus: 
antistatischen Mittel, Antischaummittel, antiseptischen Mittel, Quervernetzungsmittel mit oder ohne Katalysator und 
einem Additiv mit Bindeeigenschaften, enthalt. 

32. Verfahren nach Anspruch 1 zur Behandlung von Fasern umfassend das Aufbringen mindestens eines Quervernet- 
zungsmittels auf die Fasern vor dem Kreppen oder Komprimieren und anschliefBendes Harten mit erwarmten Wal- 
zen oder in einem Ofen und wobei mindestens 0,3 Gew.-% eines nicht-klebrigen hydrophilen Gleitmittels nach dem 
Harten aufgebracht wird. 



Revendications 

1 . Procede de traitement de fibres comprenant : 

(A) la mise en contact des fibres d'un cable de filature plat avec une solution ou une emulsion fluide contenant 
environ 5% en poids ou plus d'un lubrifiant hydrophile antistatique non pegueux a une temperature comprise 
entre environ 40°C et le point d'ebullition de la solution ; 

(B) la dissemination de ladite solution ou emulsion dans ledit cable de filature plat pour enduire toutes les 
surfaces desdites fibres et 

(C) le chauffage desdites fibres a une temperature d' environ 40°C ou plus pendant 

une duree suffisante pour secher les fibres enduites de lubrifiant, dans lequel tout exces de liquide present 
dans les fibres a ete elimine avant ladite mise en contact de I'etape (A) et ledit cable de filature plat enduit de ladite 
solution est f rise ou comprime apres ladite mise en contact de I'etape (A) mais avant ledit chauffage de I'etape (C) 
et 

dans lequel ledit lubrifiant comprend soit un melange d'esters d'acides gras de polyethyleneglycol de masse mole- 
culaire elevee et faible dans lequel Tester d'acide gras de polyethyleneglycol de masse moleculaire faible a une 
masse moleculaire dans la partie polyethyleneglycol inferieure a 500 et Tester d'acide gras de polyethyleneglycol 
de masse moleculaire elevee a une masse moleculaire dans la partie polyethyleneglycol superieure a 500, soit au 
moins du monolaurate ou du monostearate de polyethyleneglycol presentant un groupement sorbitanne. 

2. Procede selon la revendication 1 , dans lequel ledit lubrifiant contient egalement une petite portion d'au moins un 
compose selectionne dans le groupe constitue par les colorants, les amplificateurs d'arome, les nettoyants, les 
antifongiques, les antibacteriens, les antimousses, d'autres composants hydrophiles, les adhesifs, les huiles mine- 
rales, Tacide acetique, I'acide citrique, Tacide ascorbique, les poudres ou polymeres superabsorbants, les additifs 
fluorescents, les additifs antiseptiques, les antistatiques, les reticulars et leurs melanges. 

3. Procede selon la revendication 1 ou 2, dans lequel ledit lubrifiant contient environ 1 a 20% en poids d'antistatique. 

4. Procede selon la revendication 3, dans lequel ledit lubrifiant contient une petite portion d'au moins un antistatique 
selectionne dans le groupe constitue par des sels d'amine quaternaire et des sels de polyoxyethylene et d'esters 
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d'acide gras organique. 

5. Precede selon la revendication 1, dans lequel ladite solution est une solution aqueuse contenant environ 10% en 
poids ou plus dudit lubrifiant et lesdites fibres sont mises en contact avec celle-ci a une temperature comprise entre 

s environ 50 et 100°C; ladite dissemination de I'etape B est produiteau moins partiellement par des cylindresfriseurs ; 

ledit chauffage de I'etape C est realise a une temperature comprise entre environ 40 et 1 35° C pendant au moins 
20 s ; et lesdits fibres sont ensuite soumises a une traction. 

6. Procede selon la revendication 1 , 2, 3, 4 ou 5, dans lequel lesdites fibres sont selectionnees dans le groupe constitue 
10 par le polyester Tester de cellulose, le modacrylique, le Nylon, la rayonne et leurs melanges ; ont au moins une 

rainure axiale et ont la forme d'un cable d'au moins environ 10 000 deniers au total (11 111 decitex au total). 

7. Procede selon la revendication 1, 2, 3, 4, 5 ou 6, dans lequel lesdites fibres fournies a I'etape A sont des fibres 
traitees par un agent caustique, ayant entre 2 et 30 rainures axiales qui sont sensiblement continues et lesdites 

15 fibres sont mises en contact avec ladite solution a I'aide d'au moins un moyen a ecoulement continu au-dessus 

desdites fibres et au moins un moyen a ecoulement continu en dessous desdites fibres, lesdits moyens a ecoulement 
continu etant positionnes dc facon a eviter le contact a sec avec lesdites fibres. 

8. Procede selon la revendication 1, dans lequel lesdites fibres fournies a I'etape A sont des fibres traitees par un 
20 agent caustique, sensiblement seches, qui ont au moins une rainure axiale. 

9. Procede selon la revendication 1 , 2, 3, 4, 5, 6, 7 ou 8, dans lequel lesdites fibres sont des fibres hydrolysees ayant 
au moins une rainure et un titre par filament d'environ 0,8 a 200 deniers (0,89 a 222 decitex) et ledit lubrifiant est 
une solution aqueuse contenant au moins 10% en poids d'un melange d'esters d'acides gras de polyethyleneglycol 

2S de masse moleculaire elevee et faible et/ou au moins du monolaurate ou monostearate de polyethyleneglycol ayant 

un groupement sorbitanne et au moins un agent selectionne dans le groupe constitue par un antistatique, un anti- 
mousse, un antiseptique, un reticulant avec ou sans catalyseur et un additif ayant des proprietes adhesives. 

1 0. Procede selon la revendication 9, dans lequel Tester d'acide gras de polyethyleneglycol de masse moleculaire faible 
30 est du monolaurate de polyethyleneglycol 400 et Tester d'acide gras de polyethyleneglycol de masse moleculaire 

elevee est du monolaurate de polyethyleneglycol 600. 

1 1 . Composition lubrifiante comprenant un melange d'esters d'acides gras de polyethyleneglycol de masse moleculaire 
elevee et faible, dans laquelle Tester d'acide gras de polyethyleneglycol de masse moleculaire faible a une masse 

35 moleculaire dans la partie polyethyleneglycol inferieure a 500 et Tester d'acide gras de polyethyleneglycol de masse 

moleculaire elevee a une masse moleculaire dans la partie polyethyleneglycol superieure a 500, dans laquelle ledit 
lubrifiant contient egalement une petite portion d'au moins un compose selectionne dans le groupe constitue par 
les colorants, les amplificateurs d'arome, les nettoyants, les antifongiques, les antibacteriens, les antimousses, 
d'autres composants hydrophiles, les adhesifs, les huiles minerales, Tacide acetique, Tacide citrique, Tacide ascor- 

40 bique, les poudres ou polymeres superabsorbants, les additifs fluorescents, les additifs antiseptiques, les antista- 

tiques, les reticulars et leurs melanges. 

12. Composition selon la revendication 11, dans laquelle ledit melange contient une petite quantited'un agent antista- 
tique. 

45 

1 3. Composition selon la revendication 1 2, dans laquelle ledit antistatique est un sel d'un compose ammonium quater- 
naire ou d'un compose amine quaternaire. 

14. Composition selon la revendication 13, dans laquelle ledit antistatique est de Tethosulfate de 4-ethyl-4-cetylmor- 
50 pholine. 

1 5. Composition selon la revendication 1 1 , dans laquelle Tester d'acide gras de polyethyleneglycol de masse molecu- 
laire faible est du monolaurate de polyethyleneglycol 400 et Tester d'acide gras de polyethyleneglycol de masse 
moleculaire elevee est du monolaurate de polyethyleneglycol 600. 

55 

1 6. Composition selon la revendication 1 5, dans laquelle ledit melange contient au moins 40% en poids de monolaurate 
de polyethyleneglycol 400, au moins 40% en poids de monolaurate de polyethyleneglycol 600 et jusqu'a 10% en 
poids d'ethosulfate de 4-ethyl-4-cetylmorpholine. 
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17. Composition selon la revendication 16, la composition etant en solution aqueuse. 

1 8. Composition lubrifiante comprenant un melange d'au moins du monolaurate ou monostearate de polyethyleneglycol 
ayant un groupement sorbitanne et une petite portion d'au moins un compose selectionne dans le groupe constitue 

s par les colorants, les amplificateurs d'arome, les nettoyants, les antifongiques, les antibacteriens, les antimousses, 

d'autres composants hydrophiles, les adhesifs, les huiles minerales, I'acide acetique, I'acide citrique, I'acide ascor- 
bique, les poudres ou polymeres superabsorbants, les additifs fluorescents, les additifs antiseptiques, les antista- 
tiques, les reticulars et leurs melanges. 

10 19. Composition selon la revendication 18, dans laquelle ledit melange contient une petite portion d'au moins un antis- 
tatique et une portion importante d'un lubrifiant selectionne parmi le monolaurate de polyethyleneglycol 880-sorbi- 
tanne, le monostearate de polyethyleneglycol 880-sorbitanne et leurs melanges. 

20. Article manufacture comprenant des fibres qu'il est possible d'obtenir par le procede selon Tune quelconque des 
15 revendications 1 a 1 0, ayant au moins une rainure, traitees ou non traitees par un agent caustique et ayant un titre 

par filament de 0,8 a 200 deniers (0,89 a 222 decitex) selectionnees dans le groupe de fibres constitue par les 
Nylons, les polyolefines, les polyesters, les esters de cellulose, le modacrylique, la rayonne et leurs melanges, 
ayant 0,3% en poids ou plus d'au moins une composition selon les revendications 11, 12, 13, 14, 15, 16, 18 ou 19 
appliquee sur leurs surfaces. 

20 

21. Article manufacture comprenant des fibres Nantes ayant environ 0,3% en poids ou plus de lubrifiant selon la reven- 
dication 18 cuit sur leurs surfaces. 

22. Article manufacture selon la revendication 20, dans lequel lesdites fibres sont transformers en au moins un com- 
2S posant d'un produit selectionne dans le groupe constitue par les produits contenant au moins une desdites fibres 

en melange avec de la pate a bois, des produits absorbants, des tissus ou chiffons pour essuyer ou nettoyer, des 
isolants. des aromes ou des saveurs, des doublures, des meches, des feuilles d'ouate relativement epaisses, des 
feuilles d'ouate ou des comprimes colles, des feuilles d'ouate ou des tissus aiguilletes, des bandes, des produits 
pour incontinents, des filtres et leurs combinaisons. 

30 

23. Article manufacture selon la revendication 20, comprenant des filaments continus, frises ou non f rises, sous la forme 
de cables de filature qui ont ete ensuite ouverts ou etales par des rouleaux et/ou des jets et font partie de non-tisses 
ou de filtres. 

35 24. Article manufacture selon la revendication 20, comprenant des fibres ayant une section transversale comportant 
au moins deux elements en forme de fourche ou de Y, connectes a un element noyau central unique qui peut etre 
solide ou creux et joints en un point central de facon a faire saillie vers I'exterieur a partir de ce dernier, formant des 
canaux de transport de liquide entre lesdits elements qui s'otendent egalement vers I'exterieur a partir du point 
central. 

40 

25. Article manufacture selon la revendication 24, comprenant des fibres ayant une section transversale comportant 
au moins deux rainures ou canaux en forme de fourche ou de Y opposes et deux elements en forme de fente 
opposes, qui sont tous reunis a un noyau central de facon a faire saillie vers I'exterieur a partir de ce dernier, formant 
des canaux de transport de liquide entre lesdits elements qui s'etendent egalement vers I'exterieur a partir du point 

45 central. 

26. Article manufacture selon la revendication 20, comprenant des fibres sur la surface desquelles a ete applique et 
durci au moins un reticulant avant I'application d'au moins 0,3% en poids de ladite composition. 

50 27. Procede selon la revendication 1 , comprenant 

(A) la mise en contact de fibres thermoresistantes d'un cable de filature plat avec une solution fluide contenant 
environ 5% en poids ou plus d'un lubrifiant hydrophile antistatique non pegueux contenant un melange de 
monolaurates de polyethyleneglycol de masse moleculaire elevee et faible a une temperature comprise entre 
55 40°C et le point d'ebullition de la solution, dans laquelle le monolaurate de polyethyleneglycol de masse mole- 

culaire faible a une masse moleculaire dans la partie polyethyleneglycol inferieure a 500 et le monolaurate de 
polyethyleneglycol de masse moleculaire elevee a une masse moleculaire dans la partie polyethyleneglycol 
superieure a 500 ; 
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(B) la dissemination de ladite solution dans ledit cable de filature plat pour enduire sensiblement toutes les 
surfaces desdites fibres ; et 

(C) le chauffage desdites fibres a une temperature d'environ 40°C ou plus pendant une duree suffisante pour 
secher les fibres enduites de lubrifiant. 

28. Precede selon la revendication 27, dans lequel ladite dissemination de I'etape (B) s'effectue au moins partiellement 
par les rouleaux menes d'un friseur et lesdites fibres sont frisees apres ladite dissemination de I'etape (B) et avant 
ledit chauffage de I'etape (C). 

29. Precede selon la revendication 27, dans lequel le monolaurate de polyethyleneglycol de masse moleculaire faible 
est du monolaurate de polyethyleneglycol 400 et le monolaurate de polyethyleneglycol de masse moleculaire elevee 
est du monolaurate de polyethyleneglycol 600. 

30. Precede selon la revendication 29, dans lequel ledit melange contient au moins 40% en poids de monolaurate de 
polyethyleneglycol 400, au moins 40% en poids de monolaurate de polyethyleneglycol 600 et jusqu'a 20% en poids 
d'ethosulfate de 4-ethyl-4-cetylmorpholine. 

31. Precede selon la revendication 1, dans lequel ledit lubrifiant contient une portion importante d'un lubrifiant selec- 
tionne dans le groupe constitue par le monolaurate de polyethyleneglycol 880-sorbitanne, le monostearate de poly- 
ethyleneglycol 880-sorbitanne et leurs melanges et une petite portion d'au moins un agent selectionne dans le 
groupe constitue par un antistatique, un antimousse, un antiseptique, un reticulant avec ou sans catalyseur et un 
additif ayant des proprietes adhesives. 

32. Precede selon la revendication 1 de traitement de fibres, comprenant I'application d'au moins un reticulant sur 
lesdites fibres avant un moyen de f risure ou de compression avec durcissement subsequent sur des rouleaux chauf- 
fes ou dans un four et I'application d'au moins 0,3% en poids d'un lubrifiant hydrophile non pegueux apres ledit 
moyen de durcissement. 
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